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ADVERTISEMENT. 


HE wee 3 mee 172 
bles, in the ractical arts KY 
ſciences, i 1s 10 univerſa y acknowledged, 
that the preſent publication ſcarce needs 
an apology. By their means we. ſave a 
vaſt deal of time and labour: witneſs 
the facility with which the operations 
of Trigonometry, and the more difficult 
2 of arithmetic, are now per- 
ormed, when compared with the ope- 
roſe and diſcouraging methods of com 
putation uſed in ancient times. 

No wonder therefore that the Tri- 
gonometrical Tables, and thoſe of Lo- 
garithms, reduced to the moſt perfect 
form, by the ſucceſſive labours of learned 
and ingenious men, are in every body's 
hands. But ſtill there are many par- 
ticular Tables and Tracts, relative to 
uſeful Arts and Sciences, which lie ſcat- 
tered in different volumes, ſome in print 
and ſome in mauuſcript, to which many 
curious perſons cannot alw ays have 

a 2 ready 


3 Bhs 


ready acceſs. Such of theſe as the 
ks judged would be moſt acceptable 
to the public, he hath colle&ed into. 
this manual, together with a few eaſy. 
rules and examples directing their uſe. 
To theſe he hath added ſeveral of his 
oven: and, throughout the Tables, he 
bath taken all poſſible care that the | 
numbers ſhould be correct. 
But although, on Ferit the book! 
after it was printed, he has not found 
any errors in the Tables; yet he has 
found ſome in the other parts of it: 
theſe, he has put down aſter the Con- 
tents; and begs that the candid Reader 
will excuſe, and « corggg Atbem. | 
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oF 4 B LE J, 72 EN —_ 23 
= ples, for ran , the true time 
of New: and Full Moon, in any given 
gear and month, from the creation. of 
the world till 2 60007h year * 
the end 75 the Den, centuy x 
ky Pag. 1— 5 
27 W 8 We a ference between the old 
and new ſtile in any given year | 26 
5 To find when. the Sun and Moon mu be 
eclipſed 27: 
Table ſbewing the days of all the mean 
changes. of tbe Moon, from A. D. 
1752 10 A. D. 1800, new ſlile. _ 
Of the cauſes and tinies 7 Eelipſes : 
A Table ſhewing the days of. the.. Sun's s 
conjunttions with the nodes of he' Moon's 
8 orbit, from A. D. 1752 1% . D. 
N 1800, new fle Ie 
A Table ſhewing "ha Sure phe 3 
eee va v NN 3944 
8 Table 


x; 


L vi] 
A Table of Semi-diurnal arcs, for ſhewing 
the times of riſing and ſetting of the 
Sun and Moon, in all latitudes from 


48 degrees to 59 45—53 
A Table ſhewing how much time is con- 
S _ rained in 9 Fan number of mean 
|  * Iunations & 38 
4 Table ſhewing "al many mean lunations 
| 
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are contained in oy res quantity of 
—_— 62 
An eaſy mh of explaining the e 
mena of the Harvgſt- moon by means of 
a common globe - DIG. 
Rules for ſolving many aftronomical pro- 
Bemo by the logarithmic Tables of Joes 
and tangents | 67 
H ow to draw a irue meridian line 70 
A remark concerning: the Placing of Sun- 
dials 5 73 
2 ow 10 calkulare the H. e 2 on 
Sum dialals 74 
4 54% of refradlions f the Sun, Moon, 
and ſtars 79 
The deſeription of an zu nem: for ſolv- 
ing many aſtronomical problems; finding 
Oy. As our-diftances on Sun-dials, fern 
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[i 


ip ſpherical triangles,” nd Jaiving the 


caſes depending thereon + 80 
To: know, by the. ftars, whether 'Y check | 
goes true 0r f] As 105 


7 8 the length of a penduighn * ſhall 
male any given number Lak uibrazions in 
ad minute Sni 
4 Table Heide f n gtd a | hendur- 
aum muſt be, io male any given number 
e \ vibrations 0 a rene JO. t Zo 
180, in lat. 519 ag 108 


4 Table ſhewing how ng a bete, = fg | 


— 


. that ſwings ſeconds at the. equator ' would = 
Fain every 24 hours in different. lati- 
tudes; and how much the. Pendulum 
= would need to be lengthened in theſe 
- latitudes, © 10 make it fog Ja as 


dee "zo | 
4 de feriptim Us three, cum "checks ED 
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An eaſy ay of Wee the apparent : 
dliurnal mations of the 8 un and Mow 
in aiclck Se 126 


1 A ealy mathe, | of ſhewing the Sun”, s place 
in 0 ech; bai. 2 _ of x the year, in 
Wo | a clock; 


[56 


IQ? bel; ; and bi, wuulen ee tbe 
ee in a ſolar ear 128 


FE ow to ſhew-the- — W of 


© the Earth, and all the other Planets, 
round the Un; in a cih; ſo us to agree 


A with the periodical revolutions of 


_ he pions about _ 4: un in rhe Beavers 

> Yam ey 

4 Tabs ei ol Himes" of ae Ah 
and annual revolutions of -the planets, 
"with their di GRE es" Ro the” Sun; 


Oc. n n 1 34 
Bree problems "how owing" ow to ___ the 


Hnnbulical Periods * wo Þ em f re- 


volving Bodies 13 5 
A familiar idea of the 4 2 7 the 
"planets from the Sun 153 


How to repreſent the motions of” Epi, 8 
: iy” wat  Jatellites round Jupi ter; in a 
** clock; and ſhew the times of ther 
[2  eclipfes in Jupiters mor” 8 154 
"How to romſruct an Orrery fir fhewing 
' the annual revolutions of Mercury, 
Venus, and the Earth, round the Sun, 
ain their Proper \ Perrociral rimes the 
Nos 005 motion round the Earth, and 

round 
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* 3 ; . 


round. 35 2 axis,.. wk all FR dif- 


5-4 3 * 


_ ferent. phaſess. the motions of the, Sun, 
Venus, and the Earth, round their 
reſpective axes; the. wiciſſ mudes of fear 
- ſons, the. retrograde motion of the nodes 
© of the Moon's orbit; with the times of 


all rhe. eto and fel Mens . ec Ce 


J ond 160 

= Fe <* a 
De mechanical paradox... 171 
4 rr account of the 2 * milh at Derby 
172 


Rules 85 finding 2K paar has years | 
be Julian period with the years of 
the world, and years. before. aud fince 


=. the birth: of Chet cn 
af. Tally: * abe eras and events 
176 


Th ear: X, our n 8 cruciſirion 
Aſcertained, and the darkneſs at the 
time of his cruci Zfirion r 70 be ſu- 


ßbpernaturalllt 180 
Tables for finding the. deminical. later and 

day of the month for 5600 years before 

and "8/7 the birth my . 1095 
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How t0 divide circles and graig FR loner 5 into 
any given number of opal Parts, whe - 
ther odd or even © 202 
| How 10 find two ee points in the 
tube of a a thermometer, and then to di- 
vide the ale , 8 
Rules for finding” the areas or ſur foial 
contents of plane Jas and of fold 
— 34). 2". ED 


Ruts for blk the ſolid contents of 
„„ 221 


How to gauge @ common 70. or a common 
vat ay 
A Table, by which the zum and weight 
F water in a cylindrical pipe of any 

given diameter, and perpendicular 


"height of bore, may be found: and 
* ly, the power that will be 
required to Work wy tydraulic engine 


228 

Concerning pumps, with 4 Table for 
Pump- makers 230 
Troy weight compared with Avoirdupoiſe 
weight 232 


'B Y four weights, VIZ. 1 pound, 3 pounds, 
9 pounds, and 27 pounds, to weigh 4.0 
poumds; 5 | 


1 


| paunds; $0, ey nanker 1 pounds ker | 
.T 20 40 8 3 235 5 
4 Table of th ſpecific gravitie 7. Bache R 


237 


4 Table of the different vebeitie and 
aorcet of the uind“. 1 
The difference between the apparent level 
and the true | 239 
* the mechanical powers and of friftian 

249 


4 ut dt of laying down the degrees of 
the Sun's declination right againſt the 


dap of the monte with Tables - for : 
that purpuſe. = | 25 8 * 


4 1555 ſhawing the PRI and 4 _ : 


tudes of a great many remarkable pla- 


ces; and what the times are at London 


when it is Moon at thoſe places 264 
A Table for comparing the Engl; 72 Avoir I 
| dupoiſe pound with the Foreign Hund 


_ weight, 34 
4 Table for comparing the E nol 5 
sith Foreign meaſures 


The Weight and Value of Engl 15 Gall F 
and Silver Coins. 9.7 
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The prop oportion of Alloy in coinage. "292 
Fewiſo weights reduced fo Exit jo. Troy 


weight 72 
Jeuiſo- Dry meaſure, Liquid-meafers. ad L 
Money, reduced to Enghſh 273 


. A Table ſbewing the I 5 of any fum 
of money, for any number of days, at 

any rate of I. ntereſt | 274 
Demoivre's Tables of intereſt and annuities 
. 

Tables of the Probabilities ef. H uman Life 
1 

A Table sg how the beights of hills 
may be found by the barometer 294. 
An account of M. Villette' 5 burning 


Mirror 295 
The 1 breadth of each colour in 
be Rain-bow 296 
Colours produced by the mixture of colour- 

"Teſs fluids © ds, Sh 
Colours produced 7 the mixture of coloured 

fluids e . - 
_ Colours changed, 1 area 3 
De quantity of Land and Mater on 

the Earth's ſurface © 300 


be weight of the whole Atmoſphere 3 x I 
be 


The diameter and 1 of the 


_ viſible part of a cloudy ſky - 302 
The velocity of Light © 302 
The velocity of Sound 303 
De ak of the ebbing and flowing of the 
ſea at the ſame time on oppoſite fides of 
the globe, accounted for 303 
S urpriſing properties of 3 Placed 
in ſquares and circles 309 
A magic ſquare of ſquares 310 
4 magic circle of circles 312 
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Pag. 112, J. 5 from the bottom, for rround read round. Pag. 
121, J. 11, for equation time read equation of time. Pag. 142, 
J. 1, for multiples read multipliers. Pag. 144, in /. 7 and 8, 
leave out the parentheſis, and, all that is within it. Pag- 144, J. 
11, for multiples read multipbers, Pag. 167, J. 3 from the 
bottom, for worrthy read worthy. Pag. 179, I. 3 and 4 from the 
bottom, for 4640 and 4618, read 6440 and 6418. | 
The Reader is defired to obſerve, that from the 16th line of page - 
139 10 the end of page 140, the whole ought to be as follows, 
3960 hours (the conjunction of 4, B, C, and D) multiplied 


by 2, is equal to 144. hours (or. =) multiplied by 55 ; equal 


to 7920 hours, for the time of the next conjunction of 4, B, C 
D, and E, after their firſt ſetting out together. And i 
7920 hours (the laſt mentioned conjunction) multiplied by 7, 


is equal to 112 hours (che conjunction of E and F, or = ) 8 


tiplied by 495; equal to 8 5440 hours, the time when all the ſix 
hands 4, B, C, D, E and F will be in conjunction again, after 
the inſtant of their firſt ſetting out together, from a conjunction 
at ahy given point of the Dial- plate, and all moving round the 
ſame way, in the times abovementioned. 
Now, as it will require 55440 hours (or 2310 days) to bring 
all theſe hands together again, after their firſt ſetting out toge- 
ther; divide 55440 hours by the number of hours in which each 
hand goes round, and the quotients will ſhew that 4 has made 
2310 revolutions, B 2520, C 2772, D 3080, E 3465, and F 
2 And, at the end of ſo many more revolutions of each 
wen they will all be in conjunction again; and ſo on con- 
tinu 15. | 
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9520 1 19 6 20 27] 3 5 35/5 20 59 
96 8 10 7 6 9431 15 9315 (05-3. 
92727 7 491-6 28 5 12 2197 7 45 
98 [16 16 29| 6 17 21 © 48 7 15 47 
1-991: 6: ins 1 10 37] 7 23 50 
1800 24/22 50 6 "4 59 | 16 13 9 233 
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New ) | Sun's | Moon's | Sun from | 
E Moon | Anomaly. | Anomaly. Node. 
FD. H Mis: 1 8 Tee 
1 12 44 0 29 6] o 25 49] 1 0 40 
2 59 1 28 1 28 13] 1 21 38] 2 1 20 
31 83 14 12] 2 27 19] 2 17 27] 3 58:7 
4] 118 2 56| 3 26 25 3 13 10] 4 2 41 
* $1147 15 4% 4 25 324 9 $ 8 3 21 
; 677 4 24|'5 24 38] 5 4 54} 4 
; 7] 206. 7 6 6 23 44] 6 0 43] 7 4 42 
| - 8-56 e 22 511 64634] B 5/25 
a 291265 18 5 B 21 57] 7 22 21] 910.3 
16295 7 20] 9 21 3| 818 10% 6 42. 
Þ 11] 324,20 6 10 20 10] 9 13 50 225 
1 4 11 19 160180 9 488 88 3 
| 130383 21 3 0 18 2201 5 37] 18 43 
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the mean time of Mew Moon in Fa- 


' 
3 
A 
1 
3 3 
TY 
: 11 
1 
= 
' 
3 * 
4 U 
: ' 
12 5 
Us 
$647 
Ft © 
* 
U 
-® 
2 
| 
U 


'" nuary. for: 6000 years before or afte 
0 any given year of the 18" Century 
IN occerding ro the Old Stile. 
"if | % 8 Sun's Moon's Sun from 
| vE _—_ <a ca Anomaly. | Node. 
1 D. H. M. s. „ s. s. * 
1 100 4 8 5 0 3475/8 x5 1904 19 24 
— 1 200] 8 16 10] 0 6 295 o 37 9 8 48 
30013 o 140 9 44] 1 15 56 1 28 12 
40017 8 29]: o 12 5910 1 15] 6 r7 36 
500 21 16 24| 0 16 13] 6 16 3311 7 © 
500 26 © 29] 0 19 288 3 1 52 3 26 24 
700 © 19 5011 23 36 „ v.16 Y 
800 5 5 ST gif 7 6 40] 0 4 31 
900 9 11 99 0 0 16] 3 21 59 4 23 55 
100013 20 A o 3 20] © 7 18] 9'13 3 
110018 4 9 0 6 35 8 22 37] 2 2 43 
12002 12 14] 0 9 49] 5.7 551-6 22 7 
1300 75 20 19] 013 4] 1 23 14 11-31 
1400] 1 15 40] 17 21 9 12 44] 3 © 15 
150 s $3 44117 20 27] 5 28 2] 7 19 39 
160010 7 4911 23 42] 2 13 21] 0 93 
1709 | 15 54111 25 56 10 28 40] 4 28 27 
1809] 1 25 59] 9 © wy 7 5 $8] 9 17.5! 
Of #1 ©: 3 224 .3 j99-274-2 7.15 
1888127 27 6 9] 6 49] © - 36] 6 26 39 
2100] 2 11 2911 10 49] 8 4 5110 15 23 
2200} £ 19 34] 11 14 3 4 19 24 3 4 47 | 
2300]1T 3 39 1 181-1 4 43 7 24.11 
2400 15 1 44|17 20 33] 9 20 1 0 13 34 
2500119 19: 49117 23 47] 6 5 20 5, 2,58 
| 2000 's 3, 5; WU I lg 199.30 ff 45 
00 1 Bl o 7% 5 57] 2.046. 
| 2800] 3 7 9 4 25] 6 5 7/6 0.30 
2900 7 15 24|11 7.49] 3 10 46 [10.19 54 
22090318 #3 4pl5r no 5418 26 41 ig 9. 18 
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Argument. Sun's mean 5 2 


, Suben. eee 
e IN EL 4 |. 5 |'& - 
08 Signs. Sign. Signs. Signs. Signs. Signs. 4 
1 Nr ee = FF b 

of o'ofo 4} taht 35 1 23] o 4830 
110 2| 0 48] 1 22} 1 35] 1 22 © 4729 | 
2] © 3] © 50 1 23] 1 35 1 21] o 4528 | 
3],0 6 © 51] 1:24] 1 35] 1 21] 0 4427 
44 © 6] © 52} 1 25 1 351 1 20 © 4226 
D o 8] 0 541 26] 1 35] 1 19] © 41/25 | 
6] © 10] © 55 1 27] 1 34] 1 18] © 3924 | 
7] 0 11] 0:56] 1 27] 1 34} 117] o 3823 
81 0 13] © 58] 1 288 1 34} 1 16 0 3622 
9 ©: 13] © 59 1 28 1:34] 1 15] © 3521 
' 104490. 10] 4 054: ara: 166 30 
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1340 211 4; 1 30 1 32| 1 10 © 2817 
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1 1 2 ©; I 31 1 32] 1 8 © 2515 
J Fe. 0 26 1 7 I 32 1 32 1 71% 23} 14 
17e 21 9] 1 32 1:93] 1+ 6:0 232|33 : 
1 18} 0:29] 1 10j 1 33] 1-31] 1 5 © 20112 ; 
19] 0.30] 1 11] 1 33] 1 30} 1 3 01811 ; 
20] 0 32] 1 12j 1 34| 1 30] 1 2| © 17]10 f 
21] 0.33] 113 1 34] 1 29 1 10159 ; 
22] 0 35] 1 14) 1:34] 1.29] o 59% 0 13]/8 | 
23] 0 37] 1 15] 1.34] 1 28] o 58] © 17 
24] 0 38 1.16] 1.34] 1 28] o 57 0 10] 6 I 
25] 39 £17] 34 127] o 55] © 8 5 b 
26] 0,41] 1 18] 1 35] 126] o 4] © 74 J 
27 0.42] 1 19] 1 35] 1 26] 053] © $51.3 f 
28 0 44% 1 20] 1 35 EE O cr] © 3 7 
29] 0:45} 1 21] 1 35 1 24] o 50 © 2| 1 c 
3 0 47 1 22] 1 35 123] 048] 00] 0 
&] 1 {10 |: gt 9] 4:87 & 18 
| „ ie Signs. Signs. Sions. | Siens., Ser ln. . 
— — - — — — —__ 
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1. Equatio 
meam to true Syæygy. 
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n's Equated Anomaly.” 
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Sign. | Signs. | Signs. Signs. Signs. 3 
H. M. H. M.] H. M. H. M.] H. M. |,” 
ol 513] 847] 947] 8 943530 
111 5 22} 8.52| 9 46] 8 3 4 26|29 | 
21] 5 31] 8 56 9 45] 7 571 4728 I 
33] 5 49] 9 01 9 44| 7 5$4| 4 9.127 
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28] 6 23] 9 19] 9 36| 7 21 3 2522 
39] $31] 9 22] 9 34] 7 14] 3 1621 1 
50 6 39] 9 25] 9:32] 7 803 720 
of 647] 9 28 9 3o| 7 1 2 5819 
11 6 55 9 37] 9 27] 6 54] 2 9% 8 
227 219 33 9 24] 6 47 2 40 / 
33] 7 10] 9 35 9 21] 6 40 2 3016 
3] 7 17] 9 37] 9 18] 6 33] 2 27115 
7 24] 9 39 9 14] 6 26 2 1214 | 
7 31 941] g 11] 6 18] 2. 313 f 
7 38] 9 42] 9 7] 6 11] 2-54|12 
7 45 944] 9 3] 6 3] 1.44|11- 
7 $14 9 45] 8 59] 5 561 1 35116 
7 589478 55 5 48] 1 269 
$| 5 4] 9 47] 8 50% 5 40] 1 16 8 
38 10] 9 47 8 46] 532177 
8--10] 9. 48] B41] 5 24] 057] 6 
8 21] 9:48] 8 36] 5 16] 048] 5 
3 27] 9.48] 8 321]. 5 8 0 384 | 
8 32] 9 48] 8 26] 5 o] o 29 3 | 
8 37] 9 48] 8 20] 4 51] 0.19] 2 F 
8 42] 9478 15] 443] 0.%0] 1 
8 471 947] 8 9} 435] 0 0] @ 
10% , 4:84. 1 ot 6 | © 
Signs. Signs. Signs. Signs. | Signs. 05 | 


Ke tl. 


I. 75 ca the true time . of Web 
or Full Mom, in any grey. gear and 
month of the. 18 rh century. 


| "wi 
From T able J. {page * 2, 22 write 
out the mean tim of New Moon in 
January, Old Stile, for the, given year, 
with the mean Anomalies of the Sun 
and Moon, and the .Sun's mean diſtance - 
from the aſcending Node of the Moon's 
orbit. If you want the time of Full 
Moon, add the half lunation, with its 
Anomalies &c. at the foot of Table III. 
{page 5) to the foreſaid numbers, if 
the New Mooh taken out falls before 
the 15 th of January; but if it falls 
after, Jubtract the ag lunation, &c. 
from the ſaid numbers; and write 
down, the reſpective ſums or remainders. 
If you want to calculate for the New 
Stile, in any given year from A. D. 
1752 to 1800, take out the Mean 
New Moon with its Anomalies, &c. 
from Table II. (page 47 5) 
In theſe additions, or ſubtractions, 
remember that bo, minutes make a 


degree, 


* 


degree, 30 degrees make a ſign, and 12 
ſigns make a circle. And that, when the 
number of ſigns you. ſubtract from is 
leſs than the number of ſigns to be ſub- 
tracted, add 12 ſigns to the leſſer num- 
E= and then you will have a remain- 


er to ſet down, A. fem is mar le 


* 


+ 


* When, the required Ne or Full 
Moon is in any given month r | 
nuary, add as many lunations from Ta- 
ble III. with their Anomalies, &c. to 
the numbers taken out for January, as 
the given month is after January; 
ſetting them in order below the Ja- 
nuary numbers: and theſe added to- 
gether will give the Mean time of New 
or Full Moon, with the Anomalies 
thereto belonging, for the month de- 
r oe 7 

With the number of days added to- 
75 enter Table VI. (page 9) un- 

er the given month; and againſt that 

number you have the day of New or 
Full Moon in t 
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(under Days) which you are to ſet before 
the hours and minutes already found. 

But, as will ſometimes happen, 1 
the ſaid number of days falls e of 
any in the column under the given 
month, add one lunation and its Ano- 
malies to the foreſaid ſums; and wid 
this new number of days enter Table 
VI. under the given month, where 
you are ſure to find it the ſecond 2 
if the firſt falls ſnort. 

Then, with the ſigns w- deyiens 
of the Sun's mean Anomaly, enter Ta- 
ble VII. (page 10) and therewith take 
out the fi Equation from mean io trus 

Syzygy, making proportions in the 
Table for the minutes of Anomaly 
above whole degrees, becauſe the Ta- 
bles give the Equations only to whole 
degrees. Subtract this Equation from 
the mean time of New or Full Moon,; 
if the ſigns are at the head of the- Ta- 
ble, in which caſe the degrees are in 
the left hand column and reckoned 


downward: but if the fi gns of Ano 
map are at the foot of the Table, in 
which | 


[46] 


whack caſe | the degrees thereof are in 
the right band column, and reckoned 
upward, add the Equation to the abc ove 
found time of New or Full Moon. 
With the ſigns and degrees of che 
Sun s mean Anomaly enter a Table VIII, 
and therewith take out the Equation 
of the Moon's mean Anomaly; and ap- 
ply that Equation to the Moon's mean 
Anomaly, ſubtracting it © therefrom 
If the ſigns are at the head of the Table, 
and their degrees at the Jeft hand; but 
adding it to the mean Anomaly of the 
alley if the ſigns of the Sun's Ano- 
maly be at the __ of the Table, and 
their degrees at the ri ght hand; and 
vou will have the Moon 8 equated 
Anomaly; with which, enter Table 
IX. and take out the Equation | anſwer- 
ing thereto, adding it to the former 
equated time, if the ſigns are at up 
head of the Table, but ſubtracting i 
therefrom, if they are at the foot; — 
the reſult will give the true time of the 
required New or Full Moon, near 
enough for any common Almanack. ba 
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The Tables begin tha ys at Noon, 
wi reckon the hours and minutes 
thence forward to. the, noon of the 
following day. giye the right 
time in all 5 3 of common 
years, and in all the months after Fe- 


bruary in Leap years. But in Janu- 
ary and February, in Leap years, a day 


muſt be added ti to Ps time Siren, * 
the Tables. 3 


— 
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Exaur I 1. 


Bo the true time of Full Mop 3 in ; March | 
| er Naw Heile. 


1 2 


__ 1 OP 


** By the D | Sun's 1 r 4 Sun From! 
. Precepts. Moon. | Anom. Anom. Node. 
; | : , . 6 — WIEN 7 — — , 


| 8 ». . 


| To Jan. 1764 0 261 6 4 8 21 9719 3311 
add 2 Lun. | 14 18 22] 0 14 33] 6 12 54 0 15 20 
if uf Lunations 39 1 28] 1 28 13 1 21 38 2 1 201 
8 , 2 1 | — * ds wt ap you | 3 
Full Y Mar. 47 3 16] 8 16 ol 4 26 29111 20 11 


[| Seco deb , 049} 511148 ll A 
N W 44 50 Ar. 2 Eq. 


* 2 Fr 1 F 1 


FEY” 


C 1 time 117 12 11 


[#8] 


By this fines proceſs it appears, that 
the: true time of the required Full 
Moon was the 17th of March, at 24 
minutes paſt 12 clock at night. 
few more examples will make the ok 
matter Plain. 5 


ExAMPLE II. 


1 FIN the true time of New Moon in April 
| 1764, New Sail. 
1 By the | * Sun's "Moon's | Sun from 
| i | Precepts. | Moon. | Anom, | Anom. Node. 
5 r 
d | Jan, 1764 2 725] 6 4 2] 8 2157] 9 3 31 
| ? +3 Lun. err nenn 
3 A March 31 21 374 9 1 if 924.0 5 32 
1 Firſt Equ. | +4 11 Ar. 1 Eq. +1 35 1 

4 8 2 f KY ; OY 

| 

| ---4 432 - 1-446 11 10 59 

| Sec, Equ. | —3 25 I Ar. 2 Eg. 

| | 3 1. 4 15 0 
| | Tr. time 131. 22 23] | | 


This ſhews the true time to be at 
22 hours, 23 minutes, after the noon 
of the 3 fſt of March; which is the iſt 
of April at 23 minutes paſt X in the 
morning, 


11 [4 % II. To 


* 
— 1 * j 2 en, 
2 ke * 7 
19 
4 , 93 — 5 9 , 85 f 


IL D * 5 5 true. ine 1 Wen aw 
er Full Moon, in any given year and 
month, of any century, | between | the 
C Eriflian Ara and the 18 NE Centu- 
2. 92 Nr Ke yeh | 


ia Table L . year in the 18th 

Century, of the ſame number with that 
in the Century propoſed, and take out 
the numbers 1 ng thereto as in 

the preceding Examples. Then, from 

Table IV. take out the numbers an- 
ſwering to the number of Centuries 
before the 1 8th, ſubtracting them from 

thoſe. of the 1 8th, au. fett down 

the remainde. 

To this e Zain the 3 
Hara as many. Centuries, from Table V. 
ſubtracting thoſe for the New Moon, 
and Sun's e from the Node, from 
the ſaid remainder, and adding thoſe 

for the Moon's Anomaly to it; and the 
reſult will give the mean time of New 

Moon in January, the year of the Cen- 

tury propoſed: which being found, 

D 2 work | 


[40] 


aka: all reſpedts, for the true time 

of New or Full Moon in N 10 ot 

any other month of that yl. as al- 
ready ſhewh. 

N. B. If the 5 inen to che Cen- 
turies taken out from Table IV. 
exceed the number of days from the 
beginning of January, taken out in 
the 18th Century, add a Lunation 
and its Anqmalies &c. from Table 
III. to choſe taken out from the 18th 


Century; bowed I then 1 can malte a 
ene. | 


In all Fs ER for "EW or Pp al 
Moon, either before or after the 18th 
Century, the variation numbers anſwer- 
ing to the Centuries in Table V. muſt 
be ſubtracted from the mean time of 
New Moon, and from the Sun's mean 
diſtance from the Node; and added 
to the Moon's mean Anomalp, as found 


for the given 1 = che Harte 
Tables 1 


Exan MPLE 


[ 2x 1 


AK. Dad II. * Bark 


_ th trols Hime Bee 2 8 


From A. D. 1737 Saber 's 5 Cen- 
ries (viz. rs yeart)” ard there Will 
remain 237. ids 9118 DIO 
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bw. the true Ge quires”? is 
April 12, at 5 5 minutes paſt” II in the 


Af fternoon. 
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II. 7o 


L 22] 


III. To calculate the true time of New 
e Full Moon. in any given year ani 
month before the _Chriftian Ara; 
Ola 870 
Find 4a year 1 Ph 1 8th 7 IVY 

1a Stile, hich being added to the 
given number of years before Chriſt, 

iminiſhed by one, ſhall make a com- 
par number of Centuries. | 
- Find this number of Centuries in Ta- 
ble IV. and ſubtract the numbers belong- 
ing to them from thoſe for January, in 
the"18th Century ; and to the remaind- 
ers Join the variations for: the like num- 
ber of Centuries from Table V. and 
then proceed, as above taught, in ap- 
ffi the. Equations t to ant the true 
time required. 5 

The Moon's motion in 3 orbit 
; being now quicker than it was in for- 
mer ages, is the reaſon for our giving 
the fifth Table, anſwering to her ac- 
celerations, 
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1 bal 7 


For 1 true time 1 1 New Moon 5 in May, 
Ola Sell, the year before * 5 8 5. 


The years 584, added to 1716, 
make 2300 yeah, or * *compleat 
” Centuries. | N , | 
Eres 1 N "Yi 
Precepts. 8 Moon. 
pegs 1 
Jan. 1746 | 11 16 6] 6 
"| —2300 Years | 11 3 3911 
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Remains o 12 27 
Var. 2300 V. 3 49 


IB. Chr. 585 | © 8 47] 7 
* Lun.“ 147 15 49. « 


| May 1 28 o 27 o 2 49] 3 
Firſt Equ. . 12 Ar. 1 Eg. [(C 514 1 
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= | 2 01] 5 20 27 
Sec. Equ. {| 41 31 [— | - 
| — Ar. 2 Eq. 


| Tr. — 28 1 46 


80 the true time was May 28th, at 


46 minutes paſt x o clock in the Af. 
ternoon. 
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L 24 "| 
IV. 7 cold: ohe true time f Iew 


r Full Moos in. any gear and month 
of rhe 1816 e. in the, old 
Stile. 


| Pind A year 0 the ſame +" 
the T 1 Century with that of the 
Century propaſed, and take out the 
ew Moon and Anomalies for Janu- 
| ary, from Table I. for the ſaid year in 
1 the. I8th Century: then from Table 
1 IV. take out the numbers for the Cen- 
Wies after the 1 8ch, adding them to 
thoſe of the 18th; to which join the 
Ceniturial variations, and then proceed 
for the true time of New or Full Moon 
as ſhewn 1 in * . —— | 
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EXAMPLE 


mmm mMb e Emin ſ ſſarlſſﬀſr=[ſcſe 
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E 5 


Fo the trus time of Full Mon i e | 
Ola er A. * 1995 "OV 


- 3 


To A. D. I 703 =" 200 Years, and 
the fom will / A. D: 1903. 8 


| 5 e "New T SD TSun Row: 
Precepts. Moon. Anom. | Anom. Node. 
D. H. M. . 8 121 ** ö 8. 2 


2 4 4 q 5 ks 7 - 8 & 
i — 1 33 — — ty” Wy £5 26 ; w# * * * 


. * 55 rette eg 
＋2 Lun. 8 18 9 14.33] 
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pf FW; {WCC WH 1 "| ATS% 2 of 
Full p Jan. 21 0 > 17 7,3 11]"2 65.2 
| +200'Years 8 16 1% 6 29] 5 « 
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January 29 py 25 
| +3 Lun, |88 14 12 
ann 
April 1903 28 6 37 | 
"| +3 18 
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| 128 9 55 A 7 9 28 23 bs. 2 4 8 
Sotobd ran + FEE 55 | | \ . Ar. 2 Eq. — 0 | 
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1 time, Apr. |28_ 1 ESE 1 


Thus the true tine is rs OY to be 


* 28th, at 1 0 clock in the Al- 
ternoon. Ts wy | 
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In calculating forward from A. D. 
1800, the eaſieſt way is to keep by the 
Old Stile, and then reduce it to the 
New, by adding the days difference 
of Stiles, which will be 1 2, from A. D. 
1800 to 1900. 

If the Old and. New Stiles had ex- 
iſted from the beginning, there would 
have been no difference between them 

in A. D. 200. But from that time 

forward there would to the end of the 

world. And, in order to find always 

bow many days (from the 200th year 

 afer Chriſt's birth) muſt be added to 
the Old Stile to reduce it to the New, 
in any given Century, obſerve the fol. 
lowing rule. 

" Divide the number Cs thaw. 
tury by 4, and (without regardin 's the 
remainder, when there it any) add 3 70 
the quotient; then fubtraf the ſum 
from the number of the Century, and the. 
remainder will be the number of days 
fought. 1 
1 Thus, for the 18th Century : which 
begin. —_ A. D. L701, and will end 

with 


I 27 11 


with A. D. 1800; the fourth, part 
of 18 (omitting fractions) i is 4, Which 
added to 3 makes 7, and 7 being ſub- 
tracted from 18, leaves 11 remaining, 
for the number of « days. between the or 
and New Stile. 

Again, for the * 3 * 
will e with A. D. 1801, and end 
with A. D. 1900, a fourth part of 19 
(without regarding fractions) is 4, which 
being added to 3 makes 7; and y be- 
ing fubtraQted from 19, leaves 12 re 
maining for the number of days that 
muſt 4 added to the Old Sale to re- 
duce it to the New, tram A. D. ee 
to 1900; and ſo on- 1201 40 

When it appears, by ſuch as the 
foreg oing calculations of New and Full 
| Ce? = the Sun's diſtance from 
the [Aſcending] Node of the Moon's. 
Orbit is leſs than © Signs 18 degrees, 
or more than 5 Signs 12 degrees, fo 
as not to exceed 6 Signs 18 degrees; 
or when it is more than 11 Sigos 1 2 
degrees, at the time of Ne Meon, the 
n will be eclipſed at that time. And 

"M9 when 


— PP 
* © * x 
L % of 


when the Sun 8 diſtance e fro the Node 
is leſs than o Signs 12 degrees, or any 
thing between 5 Signs 18 degrees, and 
6 Signs 12 degrees; or more than 11 
Signs 18 degrees, at the time of Full 
Moon, the Moon will be eclipſed 
at that time. On theſe principles it 
appears that there muſt be Eclipſes at 
the times mentioned in all the prece- 
ding Examples execept the laſt. The 
reaſon of this is, that the Deſcending 
Node of the * Moon's Orbit is directly 
oppoſite to the Aſcending; that is, 
they are juſt 6 Signs from each other. 
And when the Rp is within 18 degrees 
of either of the Nodes at the time of 
New Moon, the gun will be eclipſed 
at that time. And when the Sun is 
within 12 degrees of either of the 
Nodes at the time ef Full Moohy the 


Moon will then be eclipſed. 


Becauſe moſt people are fatisfied 
with knowing on what days of the 
months the Moon is New and Full, 
without regarding the time of the day, 


1 el here ere a Table of all che 


days 


8 ; | = 


E 29 pl 


45 of the months on which the mean 
changes of the Moon fall, from A. D. 
1752 to 1800, in the New Stile. The 
days of Full Moons are then eaſily | 
found; for when the Change happens 
before the 15th day of the month, 15 
days added to the 5 of change, Will 
give the day of Full 18 ; and when 
the change is after the 1 5th day of the 
month, 15 days ſubtracted therefrom 
will give the day of Full Moon. 
Within the ee limits, the day of | 
any month on Which the Moon chang- i 
eth, in any given year, is found under 
chat month, and right againſt the year. 
Thus, ſuppoſe it was required to find 2 
on what day of March the change hap- 
pens in A. D. 1767: under March r 
4 


. , nnn 
* 


the head of the Table, and againſt 1767 


at the left hand is 305 ; the dan of the! 
Fane required, 


Where the figures a are double, WE. 25 
| 


* 


Ps, 1:2, Againſt wo year, and under any 
month; they ew that the Moon 


changes on the iſt day of that month, 
_ alfo.on the 3oth or 31ſt thereof. 


A Table 
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g Years, 


V752 


11754 
1755 


1757 


. 1759 
f 60 


753 


1756 


1758 


4 Table ſpewing an what. "RY of 2 
months the mean changes of the Moon 


Vall, from A. It; 7525 4 A. D. 
18 00, Mew Heile. 


EE 


>| SI 


1. 


[ 


1 
* The Table concluded. Wow Stile. 5 


i bs 5 | 7 1 1 e 
ef = 2 e 85 8 218 

| neu [BZ F[F\F[ £5 [5512 5[F., | 
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1777 | 9| 7] 9] 7Þ 7] 5Þ 5} 3Þ se 


| 1785 0 9109 By 7 6 5, 3} 3 * 
1786 29 2829287 26 42 
1787 18817977155 [13J12 1170 9 
ö 1788 18 6 7] 5 5 41 312 3029 0 27 
| 1 | 31 | I | | 4 
15789 2424 26 2424 24 22 [21 1919 17117 
| 1790 [15114] 5] 14þ13 124111 8 864 6 
1 8 1 3 3 1 5 3 
1792 [23 2222 77 19 1911716 * 
J. 1793 [1210121010 BÞ 8 6 , 1 
1797 I 1 
31] Az} 1 Pia 1 1174 | 
1795 2011920 1918817161513 11 
1796 | 918 " 7 75s 3] 2 . 
: * 4 , 1 1 ( 4 ++: F 
 #: Bar Io fas 27 26 2 64211. 18 
TJ 79875765313. 984 
i. 3799 6 51 6f 51431 1 29 2726 
* W 
1800 25 23 2523122021 20139] 171.17); as a 


i555 Table begins the day at mid. 
night, which is according to che eom- 
mon way of reckoning. Hure 


Look 
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Look for the given year in the left 
hand column, and againſt it under the 
given month you have the day of mean 
New Moon 1 in that month. 


0 . ws cauſes and times of Bf 


An Eclipſe of the Sun is taten by 
the Moon's opaque body paſſing be- 
' tween the Sun and thoſe parts of the 

earth from which ſhe hides the whole 

or part of the Sun: and this can never 

| happen but at the time of New Moon. 

An Eclipſe of the Moon is cauſed 

by the whole or part of her body 
paſſing through the earth's ſhadow: 
which can never happen but when the 
Moon is full, 

If the Moon's Orbit lay i in the 8 
of the Ecliptic (in which the earth al- 
ways moves, and the Sun appears to 
move) the Sun would be eclipſed at 

| the time of every New Moon; and the 

Moon would be erin al the time of 

every Full, 


- But 


[ragÞ} - 
But one half of the Moon's Orbit 
lies on the North fide of the Ecliptic, 
and the other half on the South fide 
of it. Therefore, the Moon's Orbit 
ide the Ecliptic only in two | 
polite points, which are called the 
Moon's Nodes; and the angle which 
the Moon's- Orbit makes with the 
Ecliptic is ze 18/. The interſection 
from which the Moon aſcends North- 
ward from the Ecliptic is called the 
Moon's Ascending Mode; and the Op- 
poſite interſection, Fro. which he 
Moon deſcends Southward from the 
Ecliptic is called the Moon's Deſcending 
Mode. Theſe Nodes move backward 
in the Ecliptic 19: degrees every year, 
from the conſequent toward the ante- 
cedent ſigns, and therefore they gp 
quite round the Ecliptic, in 7 Hear, 
223 days, and 5 hours. 
From the time of the Sun's 8 being 
in conjunction with either of the Moon's 
Nodes, to the time of his being 1 in con- 
junction with the other, is about 1731 
days, at a mean rate; within Which 
F number 


year. 


C34]. 


number of days the Eclipſes muſt ot 
ways happen, in different times of the 
The days of theſe Conjunctiuns are 


175 2 70 1800, N. 8. 


* 


ſbeum in the following Table, from A. D. 


"Mean onions of the Sun and ©28 wah 


, * 
*». ett... BH. 


— 
K. 


Yan. J 


753) 
1753 | 
1754 | 


1755 
175 
1757 
1758 
1759 


1 766 


1761 


1762 
1763 
1764 
1766 


1766 


1767 
1768 


1769 
1770 
1771 


T7 
177 


| 


"1772 | 
1773 
1774 


4 


"Aſc. Deſc. 
| Node. | Node. Years | 
| Mon, D. Mon. D. N a 
Nov. 5 May 16 I 
OR. 18 Apr. 28 "at 
Sept. 29 Apr. 9] 1778 
Sept. 11| Mar. 21 1779 
Aug. 23 Mar. 2 1780 
Aug. 5 Feb. 12] 1781 
July 17] Ian. 25 1782 
June 29 — 6 |] 1783 
Dec. 18 || 1784 
June 10 Nov. 30 1785 
May 22 Nov. 11 || 1786 
May 4[Ock. 24 1787 
Apr. 15 Oct. 6 | 
ar. 27|Sept. 17 || 1788 
lar. 8] Aug. 29 |] 1789 
Feb. 18] Aug. 10 || 1790 
Jan. 31 Julß 23 || 1791 
an. 12 July 4 1792 
ec. 23 1793 
Dec. 5 June 15 || 1794 
Nov. 17 May 28 || 1795 
Oct. 29 May 9 1796 
Oct. 10] Apr. 20 
Sept. 22 Apr. 2 1797 
Sept. 4 Mar. 14 1798 
Aug. 16 Feb. 23 1799 
July 28 Feb. 


8 
5 Node. 
Mon. D. 


— 
* 


17 
30 
11 

23 


10 L 
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When the Moon changes within 18 
days before or after the day of the 
Sun's being in conjunction with either 
of her Nodes, the Sun will be eclipſed: 
and when the Moon is full within 12 
days before or after the day of the; Sun's 
conjunction with either 01 the Nodes, 
the Moon will be eclipſed. At greater 
diſtances of the Sun ri the Nodes, 
there can be no . of er Lumi- 
naries , 5 
"Adhe Table contalnde! on g 30 

and 31 ſhews the days on which the 
3 changes of the Moon happen, 
and the Moon is always full on the 1 5th 
day before or after the change; — 
the Table on page 34 ſhews Be 2 
on which the Sun is in conjunction 
with the Moon's Nodes; we may ea- 
ſily find by theſe Tables on what days 
of any given year from A. D. 1752 to 
1800, the Sun and Moon muſt be 
eclipſed. As, for example. * 
In the year 1766, the Sun is in 
conjunction with the Moon's Aſcending 
Noge on the 18th of February, and 

Lo with 


[:36 ] 


with the Deſcending Node on the 
10th of Auguſt. x I find by the 
Table, page 30, and 31, that in the year 
1766, the changes of the Moon are on 
Jan. xx; Feb. 9, March 11, April 9, 
May q, June 7, July 7, Aug. 5, Sept. 
4, Oct. 3, Nov. 2, Dec. 1 and 31; 
and conſequently, as the change on 
Feb. th is within 18 days of Feb. 
18th when the Sun is in conjunction 
with the Aſcending Node, the Sun 
muſt be eclipſed at the time of that 
change. And as the change on Auguſt 
5 is within 18 days of | Auguſt 10, 
when the Sun is in conjunction with 
the Deſcending Node of the Moon's 
Orbit, the Sun muſt be eclipſed. at the 
time of that change alſo. But as all 
the other changes of the Moon in that 
iO year are more than 18 days from the 
times of the conjunctions of the Sun 
and Nodes, there can be no more than 
the two abovementioned Ferre of 
the Sun in the year 1766. 
By adding 15 days to all the 8 
ges of the Moon, in the ſame year, 


Wo 
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we find the days of alt the Full Moons 
to be Jan. 26, Feb. 24, March 26, 
April 24, . 245 ** . July 22, 
Auguſt pt. 19, Oct. 18, Nov. 
17, and Dec. 16. — f all theſe 
Full Moons, there are only two which 
happen within 1 2 days of the. conjunc- 
tions of the Sun and Nodes; vis... thoſe 
_ the 24th of February and 20th of 
Auguſt: and therefore, it is only on 
theſe two days of the . 1 766, that 
the Moon can be eclipſed. © 
And thus we have a very plain 4 + 
eaſy method for finding how many 
Eclipſes there muſt be of the Sun and 
Moon in any given year, and the days 
on which they muſt fall, accordin 
the mean times of New and $0 
Moons, from A. D. 1752 to A. D. 
1800. But to ſhew how to calculate 
the true times and places of Eelipſes 
for different parts of the Earth, would 
ſwell out this volume far beyond the 
intended bulk: and therefore, for ſuch 
calculations and projections, I beg leave 
to refer the curious reader to my ſyſtem 
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[38] 
of Aſtronomy, printed for Mr. Millar, 
Bookſeller in the Strand, London; to 


be now had of Mr. Cadell, ſucceſſor 
to Mr. Millar, at his ſhop ure Ca- 


therine ſtreet i in the Strand. 


Tue Halbig Table bent oo == s 
true place in the Ecliptic, and his decli- 
nation from the Equator, at the noon of 
every day of tbe ſecond year after Leap 


year, on the meridian of Greemvich. The 


figns of the Ecliptic are marked in 


ä = Table as s follows, BY 


* 


ies VP, 1 8 8 yo N, una, >, "I K. 
Virgo mW, Libra , Scorpio m, re AREA Fl 5 — 


cCornus v3, Aquarius , and Piſces Xe, 


= Table. of the Jun $ 1 Snob 
is very uſeful for finding the Latitudes 


of places on the N And as the 
: — he of doing this by the Declination 


of the Sun is generally known, we have 
given the following Table for that pur- 
poſe, to the neareſt mean between Leap 


year, and the firſt, ſecond, and third 


FR after. 1 
hog 4 Table 
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14 Table 7 the Sun's Place 
and Declination., 
: anuary. 


— 5 * 
* 


* 
2, 4», — 


. 
——_—_— 
2 1 


1 a 831 


— —_ 


— , Y 
OW ow owe uw v =» 


My nj buy buy 


29" as 


. 
1 On 


4 4 
0 


=/0 0" ο O e o 


3 5 : 


2 * 


8.78 Der. j 
„ 
8. 1 
bf 22 56 
43 50"! 
22 44 
23 37 
337 40: 
„ 
28 IS: 
2 6 
2 57 
.31 5 46:7 
21 38 
21 28 
SE Nx 
2 6 
20 
28 43 
20 31 
200 18 
2 6: 
19 32 
1 


— E 


2 „ —— 


R * 


, 
—— — * * 
* 


5 an g N # he — * * 4 . * * : * * 
* 4 
I 4 £ g - 
O On > vw N = 
2 = 
I - W 8 . * 22a ho gt k Y = n ole" ov = 1 why * : 2 a FE . 4 


1 1 North 
and 8. South Decl. 


'T nd the Sun's Place and Biel 
nation at the Moon of any given Ys. 
in the 1 year after Leap year; 
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Look 


h at the t 
the Table, and under it againſt the 
given day of the month, you ha 
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; The Table continued.” $1 
3 May. | I] June. 
T Sun's Pl. S's Dec. | 2 Fl. 8 Dec: 
05 - — — 3 . 1 
8. > as . 8. o 7 o 14 
9 — A — 1 
80 55 Nas 8 || ue 4 N. 2 6 
2 11 53] 15 26 | 111 1 22 14} 
3 12 51 15 43 12 39 22 21 
4] 13 4% 16 i I} / 2 28} 
5. 4% (47|-.:16 18 Jy} "© 14 360 22) ht 
6 15 45 7 16 35 i 15 31 22 42 | 
7] 16 43] 16 52 16 28] 22 47 
8 17 41 I7 8 | 1 26} 22 5 
9 18 39 17 24 18 23 22 5 | 
7 37- 99 20 18] 23 
18 11 3 15 | 23 121 
18 26 e 23 1 
18 1 | 24 71 23 21 
9 7 i 28 4 23 23} 
20 3 71 20 ©. 3 241 ©2 
iy WW 3 26 ' $$]. 23 2 
£26. 27 56Þ 23 28 
20 1 28 $ 53 . « 23 29 
> 29 Foſ' 33 29 
20 h an 
20 37 [ 1 4s} 23 28} 
21 © 3 391 23 26 
21 10 4 36 i 23 24 
ö | 8 33] 23 23 
* 6 31 23 
21 40 5 1 28 : 2g 1 N 
21 49 & "2615 28 70 
|, 21 5 1 N as | 


Sun's Face i in the Ecliptic, aid his De- 
clination as it is then North, or South. 
By means of this. Table, and the 

5 able of the Semidiurnal Arcs of the 
.G Sun 
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| The Table continued. 1 
iin. I] Aluguſt. 
12 Pl. S's. Dec. Sun's PL. | 8's Dec. | 
I 
. 1189 22 N. 23 9 88 58 N. 18 3 
„ 10 19 23 5 17 48 
s e 17 34 
14 12 14 22 55 |} 1 17 106 
i i 22 $0 12 48] 17 of 
16 -14 8] 22 44 13 451 16 44 
ins 14 43] 16 27 
nern 22 $0 | 15 4 16 10 
9] 10-59] 22 24 [16 38] 15 53 
10 17 . 56] 22 17 || 17 361 x5 q9} 
| i1] .18 54] 22 9 [i 18 3 15 12 
1 1124 19 gl] 22 1) 19 31 15 of 
[13] 2 .49þ 2 52 | 20 29 14 41 
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is „22 21 34 | 23 14 4 
| 126] 23 40 21 24 23 22] 13 45} 
171224 380 21 14 24 20 13 26 
180 27 35 10ũ4 ] 25 7s 73. 
119 26 32] 20 53 26 15 12 47 
20 27 29 20 42 27 131 12 28 
31 283 5720 30 If n 
122] 29 24] 20 19 29 9g] 11 47 
2318 0 21] 20 7 [NO 71 27 
[24]. 1 190 9 54 || 1 3 n 7 
281 2 16] 19.41 || 2 31” 10; {al 
26 3': #31. 19 38 $3 £31” 20,86 
127] 4 1 19 15 [ 3 50] 10 4 
„ 1935-4 oe 6 "41 WJ... 91 40 
(2991. - ©: 11567 18 45 B © 51 Ix gi Dat 
43 ein 10:3 = 6 53] 9 of 
rl 3. of 18 1 | 7. a1: 8 48 


un and Moon, the times of rifing and 
ſetting of the Sun, on any day of the 

year, . may be found, in all latitudes 
from 48 degrees to 59 incluſive. The 
WET - 1 - Suns 
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. The Table continued. © | 
F | September, {| - October, | || 
[Sun's Fl.. Dec. || Suns Fl. I 8 Det. 
* | | 4 „ 
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ward from May at the top of the 
Table, till T come right againſt 1766 
in the left hand column, and againft 
that year, under May, I find that the 
change was on the gth of May; and as 
there are 11 between 9 and 20 (taking 
in the 20) it appears that the 20th of 
May was the 11th day of the Moon's 
age, in the year 1766. 
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vide the product by 5; the quotient 
will be the hours (reckoned forward 
from noon) and the remainder, when 
there is any, multiplied by 12, will be 
the minutes of the time when the Moon 
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1Ith day of the Moon's age, 4 times 
11 is 44, which divided by 5 quotes 
8 hours, and the remaining 4 being 
multiplied by 12 gives 48 minutes. 
So that, on the 11th day of the Moon's 
age, the Moon comes to the Meridian 
at 48 minutes paſt VIII in the 
evening. 
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20th of May, when ſhe is 11 days 
old. 

By the Table, page 582 1 find that 
on the 11th day of the Moon's age, 
ſhe is 4 ſigns 14 deg. 6 min. gone 
from the Sun. And by the Table on 
page 41, I find the Sun's; place in the 
Ecliptic, on the 2oth of May, to be 
s 299 14; or in 29 degrees 14 
minutes of Taurus, to which add the 
| Moon's diſtance from the Sun, 4 ſigns, 
14 degrees, 6 minutes, And the 
reckoning carries it to = 13% 20, or 
13 deg. 20 min. of Libra; which is 
the Moon's place in the. Ecliptic on 
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the 2oth of May, according to her 
mean motion. 

Having thus found the Moon's place 
in the Ecliptic, we muſt next find her 
declination, which is the fame as the 
Sun's, when in that place of the Eclip- 
tic, namely 5 deg. 10 min. South, 
when in the 13 degree of Libra (e 
the Table page 43); ſo the Moon's 
Declination, on the 20th of May, when 
ſhe is 11 days old, is 5 100 South. 

Now, to find her Semi-diurnal Arc 
on that day, ſuppoſe in the Latitude 
of 52 degrees, I look in the Table of 
Semi-divrnal Arcs (page 48) againſt 
5 degrees of South Declination and 
under 529 of Latitude; where, in the 
Moon's pF mg I find: her Semi diur- 
nal Arc to be 5 hours 49 minutes. - 

Laſtly, to the above-found time of 
the Moon's coming to the Meridian, 
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minutes, and the ſum will be the time 
of the Moon's ſetting; namely, at 14 
hours 37 minutes paſt the Noon of 
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which will! affect the time of Bel 
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on the parallel of: London : more as 
the Latitude is farther North aid leſs 
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as in the following Examples. For, 
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ſuppoſe a cypher put to 1 in the firſt 
column, to make it 10, and the de- 
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190000000000 hes Auſper, 


IT 7 . * 
Fa —- &* „ © » uw 8 | p In 
" 4. * 81 4 % + 


— — ä 4 1 bu as — T_T 0 — — mw a OT EE ITE * . „ͤũy—?—??7 eG 


ED {xa m, he” enki of | 


cyphers annexed to 1 are equal to the 
number of decimal parts in the firſt line 
of the Table; and therefore the whole 
of that line becomes a whole num- 
ber of integral days, without any 
fraction. So that, in 1 2 80 ,000,000 
mean Lunations, there | are f 
2953059085108 days. gs 8e 


3 ſomewhat remarkable, that 


every. Joh: mean New Moon falls but 


1 min. 30 ſec. 34 thirds ſhort of the 
. time of the day as before. 


EA W. 


Lun. Days. Decimals of a day. 8 
—5 1181. 2236340432 95 8 
e 17531765972 _ ee code tt 
mY 1446. 998951 170292 | 1h x | 3 oy | 
. | Days, -mult, by 2 n 
* 
399580681 168 , 2 8 
4. 19979040584 a3 7-6 
How 23:97484087008 — . T 
lg 0 42 — by 2 biz 3 Ss 


— 
83 
r 
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1 
F = 


1 | 1 
| 97 Derimals of II F] E Deeimalaof eker of 
| JE vl a LungGon, H a Lunation. IIS a hems 926 
. 1 14 
1—- — | — — 
FEN 12. e e 1e. 0014109662 * 0000003 | 
2 24. 7 37080077255 2|o. 00282193451] 200. ooo 
1 3] 37+ 105 59011588 2 3] 0-0042328987 [| 310. 0000011758] 
4 49. 474120154510] 4|0. 0056438649 I 4%. oo 155 
54 61. 842050193137 5] 0. 0070548312|} go. oooo0 19597 
6 74. 211180231765}| 6 0. 0084657974 |] Go. 0000023 516 
7] 80. 5797102703921] 710. 0098707637 || .˖ 00000274 35 
ö Bl 98. - 948240309020 . o. 01128772 810. 0000031355 
13. 8 9 3 9 3 
17 ; * 
go. Decimals of = Er Decimals of EP . BA of 
ah a Lunation, {| 5 a Lunation. || #5 eee 
— — — — Ls — — | 
2 oo. o33863 189760] 1 — — 
2] 00. 67726379520 2 
3 oo. 101589659280] 3 |« 
4] 00. 135452759940 JJ 4] + | 
oo. 2031791 38560] © 956 
OO. 23704232 | 27 
oo. 270585 57888 © $ | 1 
9 00. 30476870784 | 6449 


A Tabl  ſhewing how many. mean Lu. ; 
nations are contained. in any given 


[ 
- quantity of time. | 


— * A 


„„ Rex 


For tens of Julian, OY days hours 
&c. remove the decimal points one 


| place forward; for Auded = pla- 


ces; for: thouſands, three places; for 
tens of thouſands, four 


| laces; and fo 
on, as it the- following Example. It 


986 by the Arſt Ine of the above 


W Nen * Table, ; 


te1 


Table; that in 100000 Jaan years 
(which contain 36525000, days) there 
are 12368 33 mean Lunations, and 


0038627, or = parts of a Luna, 
tion, which yaa fraction map: be ner 
glected. 1481 211 1 cola 3 


1 Common. berker n cient a 
2 in 3 yoo: n ne r 


«ih PL E. e 5 1 Y 8 


W. 7 68 ooo Jo gal, nears, 24 455 4 W 
59 minutes, 5 2 Seconds, . How 


| "oP mean Lumations? * 
4 - 3 Lun. " Packs, TY oo ol 155 
Vears 6009 . 01 44 | Ei DIAL 209 7133 
Da 427 a 4.1: 1 | 
e ieee 8 
Hours 4 [ 901 le More Brangle —__ by | 
Min, 159 | © ©-bo117580g 1 fluous. 
9 ; 5 91 ., 5 f 0. 009211645 : 18 117 13 12 5 4 6 
Sec. 159] . 80019597 . 
ban n un C 


To "pie af be of the Has: 
ve Mann, by means ah 
globe. 85 ; 1 
Make 1 all and) 


globe on the Ecliptic, at. Ta — 


=... 


from each other (beginning at Capel 
corn) which is equal to the Moon's 
mean motion * the Sun from day 
to day, near enough for your purpoſe. 
Then elevate the North pole of the 
globe to the latitude of any place in 
Europe; ſuppoſe London, of which 
the latitude is 54 degrees North. 
This done, turn the ball of the, aloha 
round weſtward, in the frame thereof; 
and you will ſee that different parts of 
the Ecliptic make very different angles 
with the horizon, as theſe parts riſe in 
the Eaſt: and therefore, that in equal 
1 times, unequal portions of the Ecliptic 
| will riſe. About Piſces and Aries ſe- 
| yen of the marks will riſe in about 
two hours and an half, meaſured by 
the motion of the index on the ho- 
rary circle; but about the oppoſite 
ſigns, Leo and Virgo, the index will 
go over eight hours in the time 
that 7 marks will riſe. The inter- 
mediate ſigns will, more or leſs, partake 
of theſe Dr as 711 are more 

or leſs remote from them. dn 
"Hides 


Hence it is plain, that when the 
Aiden is in Piſces and Aries, the differ- 
ence of her riſing will be no more than 
two hours and an half in ſeven days; but 
in Virgo and Libra it will be eiglit 
hours in ſeven days: and this happens ir in 
every lunation. 

The Moon is always oppoſite to the 
Sun when ſhe is full; and the Sun is 
never in Virgo and Libra but in our 
Harveſt- months, and therefore the 
Moon is never full in Piſces and Aries 
but in theſe months. And conſequent- 
ly, when the Moon is about her full 
in harveſt,” ſhe riſes with leſs difference 
of time, for a week, than when ſhe is 
full in any other monch of the year. 
Here we conſider the Moon as mo- 
ving always in the Ecliptic. But as 
ſhe moves in an orbit which is inclined 
to the Ecliptic, her riſing when about 
the full in Harveſt will ſometimes not 
differ above an hour and 40 minutes 
through 'the whole of 7 day ys; and, 
at other times, it will differ ps houts 
and an half, in a week, according to 
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the different poſitions of the Nodes 
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of her orbit in the OW a in differ- 


ent years. 


In our Winter, the Moon is in Piſces 
and Aries, about the time of her firſt 


quarter; and riſes about noon : but her ; 


riſing is not then taken notice of, be- 


| al the Sun is above the Horizon. 


In Spring, the Moon is in Piſces and 
Aries, about the time of her change ; 
and then, as ſhe gives no light, her 


riſing cannot be perceived. 
In Summer, the Moon is in Piſces 


and Aries about her third quarter; 
and then, as ſhe riſes not till about 


midnight, her riſing paſſes unobſerved; 
eſpecially as ſhe is ſo much on the 


decreaſe. 


But in Harveſt, Piſces and Aries are 


oppoſite to the Sun; and therefore the 


Moon is full in them at that time, and 
riſes nearly after Sun-ſet for ſeveral 


evenings. together; which makes her 
riſing very conſpicuous at that time 
of the year, as it is ſo beneficial to the 
Katers, in affording them an imme- 


diate 


[6] 


diate ſupply of light 5 the going 
down of the Sun, when they are Wh 
the fruits of the earth. 


Rules for ſolving Afronemical Problems. 


by the n Tables n 1 and 
Tang ents: 


1. The Sur? 5 bn or diane from” 
the neareſt Equinoctial point (viz. the 
beginning of . "Gio" or- Libra ) being 
given; 3 zo fd his D Declination. IN 


As Radius is to the Sinn a, ths Sun's "= 
diſtance from the Equincctial point, 
ſo is the Sine of his greateſt deelina - 


tion (23 290) to the Sine: of his decli- 
nation e | 


2. The Sun's Devlinatian being given, 
to find his diſtance from the neareft 


Eguinoctial Point, and conſeguenii 
Bis Place in Zhe Ecliptic. 1 


As the Sine of the Sun” 8 REY 
declination 1 is to the Sine of his preſent. 


K 2 decli- 


[ 68 ] 
declination, fo is Radius to his diſtance 
gone from, or in going towand,: the 
Equinoctial point required. 


. The. Sun's diſtance. from the neareſt 
7 guinoclial point being given, io find 
His mew * 


TY 


ds Badia is to = Lotte of: he 
gun s greateſt declination, ſo is the Tan- 
gent of his diſtance from Aries or Li- 
bra, to his right aſcenſion therefrom. 


4. The Latitude 75 the es, and the 
Sum's Declination being given, 70 find 
his Aſcenfional di erence. 


As the Co-tangent of the latitude 
is to the Tangent of the Sun:s declination, 
ſo is Radius to the Sine of his aſcen- 
ſional difference required. 


5. The- 


[ 69 ] 


5. The Latitude of rbe planes an the 
Fun declination being given, 0 
His Am plitudæ, on the numben of de- 


2 35 71 85 and 18 Hen the Eaſt 
nd We 4 


1 * Collide of. as latieude iS 
to the Sine of the Sun's declination, 
ſo is the Sine of his diſtance from Aries 
or Libra to the dine of his Ample, 


6. The. gun s right 1 * bi 
greateſs Declination being given, 10 
find the, Angle ys 4505 mung end : 
Meridian. E. L 7 


As Hadi is to the Sine of that guns 
orcateſt declination, ſo is the Co- ſine 


of his right aſcenſion to the Conne 
of the angle ought, 


1 


7. The 


5 7 
- 
% 


[ 70 5 


7. De Latitude of the Place and the 
Sun's declination being given, 10 find | 
"the Sun's os he is aue 

. Eater Weſt. 


As the Sine of the latitude is to the 
Sine of the Sun's -declination, ſo is 
Radius to the Sine of his aliade. when 
duc Eaft or Melt. 7 2 


* 


W. B. By this gg a true 8 
line may be drawn in Summer, 
1 when the Sun riſes before he comes 
1 to the Eaſt, and paſſes by the Weſt 
= before he ſets. For, if a long up- 
= right wire be ſet in a truly level 
board, the ſhadow of the wire will 
q run Weſtward on the board when 
| the Sun is due Eaſt, and Eaſtward 
when the Sun is due Weſt; which 
will be at the inſtant when his al- 
titude, obſerved by a quadrant, agrees 
with what the problem makes it. 
And then, if two points are marked 
in the line of the ſhadow, and a 
ſtraight 


my 
ſtraight line be drawn through them 
on the board, and this line be 
croſſed at right angles, in any = - 
by another ftraight line, that line, 
will be a true meridian line; and if 
the wire be placed perpendicularly 
in the interſection of theſe two lines, 
the ſhadow of the wire will cover 
the meridian line when the Sun is 
on the meridian of the place. This 
may be done beſt of all about the 
Summer ſolſtice, becauſe the Sun 
changes his altitude faſteſt, and his 
declination ſloweſt, about that time. 


8. The Latitude of the place aa the 
Sun's declination being given, to find 
the Sun's altitude at fix oclock in the 
Morning or Evening. | 


As Radius is to the Sine of the Sun's 
declination, fo is the Sine of the lati- 
tude to the Sine of the Sun's altitude 
at fix o'clock. 7 1 
By this Nee you may know 
when it is exactiy 3 o clock by the 

| Sun, 


2 


Sun, and conſequently how to place a 
Sun- dial true at that inſtant, provided 
it be done in the Summer time, when 
the Sun is above the horizon at ſix. 
For, if you keep watching, and ob- 
ſerving the Sun's altitude with a qua- 
drant, when you judge the time to 
be a little before fix, till you find his 
altitude agrees with what the problem 
makes it, you are ſure that it is then 
preciſely fix o'clock by the Sun; to 
which time, ſet your Kah, and then 
you may ſet it to the true equal time 
by a common Equation-table, which 
ſhews how much the Sun's time is 
faſter or {lower than the equal time, 


every day of the year. | 


IV. B. In all obſervations of the Sun's 
altitude, you muſt ſubtra& the re- 
fraction of the Sun's Tays by the 
Atmoſphere from the obſerved al- 
titude; for otherwiſe you will not 
have it true. And for this purpoſe, 

I I ſhall ſubjoin a Table of refractions 

at the end of the ſe problems, to 

fſſhew⸗ 


fn# 7 
bew how. 1 leſß the true altitude 
is, than the obſerved altitude; and 
14 it is ſo much F. than the pro- 
ves, as is equal to the quantity 

2 e ction at the time of the obſerv- 
ed altitude, you have the altitude true. 
\nd ARTS, with re ard to the plas 
cing .of 8 un- dials, I muſt make an ob- 


ervation, that may perhaps ſeem a very 
990 one to moſt people; Whieh is, 


that if the Dial be made acœording to 
the {tric rules of calculation, and be 
Fu. ſet at the inſtant when the 
Suns ig, Sn, the. Meridianz it will 
be a minute too falt in the Forenoon, 
ang ce i too ſlow in the Afternoon, 
Ie, ſhadow | of the Stile; for the 

Ah of the ſhadow that ſhews the time 
15 even with the Sun” 8 foremoſt edge T 
all the before Noon, and even 

with his : hindmoſt edpe all. the Af- 
ternoon, on the Dial. But it is the 
Sun's center that determines the time 
in the (ſuppoſed) Hour circles of the 
beaven. And as the Sun is half a de- 
gree in breadth, he takes two minutes 
a 4 to 


[7B] 


to move through a ſpace equal. to his 
breadth; ſo that . will be two 
minutes at Noon in which the ſhadow 
will have no motion at all on the Dial. 

Conſequently, if the Dial be ſet true 
by the Sun in the Forenoon, it will be 
two minutes too ſlow in the Afternoon; 
and if it be ſet true in the Afternoon, it 
will be two minutes too faſt in the 
Forenoon. _ 

The only way that I know 11 to re- 
medy this, is to ſet every hour and 
minute diviſion on the Dial one minute 
nearer XII n the calculation N 
| it to be. 

1 The Sun moves 1 5 degrees in one 
Hour, 30 degrees i in two, 45 in three, 
60 in four, 75 in five hours, and 90 
in ſix, with reſpect to the equator; but, 
in an oblique ſphere, the motion of 
the ſhadow, either on a horizontal or 
vertical plane, is very different. To 
find the degrees and minutes of a de- 
gree of the hour- diſtances from XII, 
on a horizontal Dial, ſay, as Radius is 
to the line of the latitude of the place 
: , (which 


: { 7 0 \ 


(which is the ſame as the angle of the 
ſtiles height) ſo is the Tangent of 15 
degrees, and of 30, and 45, 60, 755 
and go, to the Tangent of the diſtance 
(in degrees and minutes) of XI and I, 
X and II, IX and III, VIII and IV, 
VII and V, vI and VI, from XII on 
the Dial. 

The fame as Lens th * 
South Dials, only uſing the Co- latitude 


inſtead of the latitude, 25 the hours and 
height of the ſtile. 


9. The Latitude 5 the Plate and: 1 


2 s Declination being given, 10 


| fd the Sun's Aximuth from the Warth 2 
at. fir o "clock. 


A the Co- ſine of the latitude” is to 
Macke ſo is the Co- tangent of the 
Sun's declination to the Tangent of his | 
Azimuth from the North at fix. 


; 1 "a The 


we 


1596 ] 


5 1 Heer gl x Steak, * ol ably 
j 1 the day, being giden; 70 find 
- the duns weer ö Joon e rns 
. 1 _ time. 


1 5 * Py of tlie Sun? 8 r 
is to the ſine of the time from Noon 
{converted into degrees), ſo is the Co- 
fine of the Sun's declination. to the fine 


of his Azimuth from the North. 2 


11. The Latitude of the place and the 
Sun's Declination being given, to find 
ji \ the time of the. Sun's TO. and N 
bi ling. 


eie aſcenſional difference by 
| > dem 4. Then, the n. of the 
aſeenſional difference being converted 
into time, ſubtra&- that e from 6 
hours, when the Sun is in v, 8, n, «, &, 
and w, and the remainder will be the 
time of Sun-rifing, and added to 6 will 
be the time of 3 But, when 


the 


85 k! 
the Sun is in ny, i, and Xy "> 
aſcenſional difference added to 6 hours 
gives the time of Sun-rifng, and fub- 
tracted therefrom. gives the time of his 
ſetting. How to- find his. Amplitude 
at zihng and ſetting, is already, ben b * 
the Sth! Nope n 


6 * 
9 1 
1 el 143 


1 0 


x3, The VIM me of # ihe FEY 2 33 
Sum s. Declinatiom being given, is 0 
De Suns 2 Meridian - Bitude. 


* FR W 
BY SITY 2 Nane WN 


- Lt the edit: from © 90 ay: 
grees, and the remainder will Ke the 
Go-latitude.. Then if the latitude, and 
declination be boch Nor North or both 
South, the 12 84 tlie declinatio n and 
dene 18 the Sun 8 Meridian alti- 
tude, _ But when either of theſe is 
North and the Ot ef Sou th, their differ- 
ence is the Meridian altide. = 


To 


E 


25 fd the Sun's Altitade' at any heb 
. of the day, by the Shadow 4 an ER: 
ect on a borizontal Plat | 


As "A length i the ſhadow is to 
1 height of the object, ſo is Radius 
to the T angent of the Sun's altitude 
at the time of obſervation. 


CT 


The Latitude. of the * the Sun. 2 
ridian Altitude, and preſent Altitude, 
being r 3 70 wk * time e the | 


i 


2 Radius i is to the en of TY 
Sun s declination, ſo is the Co- ſine of 
the latitude to a fourth ſine: and, as 
that fourth ſine is to Radius, ſo is the 
difference between the Sun's meridian 
altitude and his preſent altitude to the 
verſed fine of the time from Noon. 


(NF. - 
The intended Aſtronomical Problems 
being finiſhed, we now give the pro- 
ane Table of Refractions. See pag. 72. 
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The Ding ox an ee 15 
© Joboing "many Aftrorianical Provlents ; - 
Huli the Hour-difancey fr 
[>| Aka _ and vertical ak ; 
ming ſpherical Trianghs, and Veld. 
a che le © We: e tram, Ps 4 


11 Muago Murtay, e 
landen a very uſeful inftrument 
veral years ago, which he calls 8 
millary \Trigonometer ;* 5 and TJ: | ad 1 
ſome months by me in the year 17 757. 


Since that time, he ſhewed me a paſte- 


board model of an inſtrument, much | 
of the fame; ſort, but of a much ſmaller 
ſe; which, I belieye, he he has not yet 
made, either of wood or metal. And, 


as it is a thing that deſerves well. 20 


be known, on account of its great uti- 

lity, I have made it of wood, as e- 
reſented in Plate I. The only addi- 
— that I have made to Mr. Murray's 


4 557 is a circular ſcale of the Sun's 


eclination for the different days of 
the 1 to ſave the trouble of referring 


to 


(8%) 


to Tables of the Sun 8 declination in 


printed books; + as it is one of the data 
that muſt. 7Er had in folving moſt of 


the following Problems, which are only 


a few of thoſe that may be ſolved by it. 


The upright circular board A is 12 


ry in diameter, and one inch in 


thickneſs. It ſtands on the horizontal 
foot BZ. 


On the left hand ſide of this board 


is a flat ſemicircle C; which is made 


of box wood, and is pinned faſt to the 
board A. 


To this ſenicirele 3 is joined * an- 


other, D, by two hinges, at the zenith 


and _ (fo marked in the figure); 
and moveable on theſe hinges. 


When Di is put down flat to the board, 


1 Ls the other make a flat canker 
on which, the months and day: 


of dne year are laid down, and all the 


degrees of the Sun's North and South 


declinations anſwering thereto: within 
which, the four quadrants of the circle 


are dwided into go degrees each. 
ee In 


1 621 


In the upright board A, * ends 
Ge eee. ſemicircle E are fixed. 
This ſemicircle ſtands at right angles 
to the plane of the board, parallel to 
the foot B; and is PAT © forwards 
and backwards into 32 equal parts, for 
the points of the compaſs; within 
which the two quadrants are divided 
into 90 degrees each, numbered from 
the South and North points to the Eaſt 
and Weſt, at E. . where the numbers 
end at 90. | 
Within the two ſemicircles C and D x 
(when D is put down) is the flat board 
F, whoſe ſurface lies even with the 
| ſurfaces of theſe two ſemicircles; and 
which is moveable, round the fixed pin 
F in the center. On this board is a 
diameter line (marked Axis) which re- 
preſents the axis of the world, and ter- 
minates in the North and South poles ; 
where two hinges join the moveable 
ſemicircle G to the board. This ſe- 
micircle is divided, upwards and down- 
wards, from 1 to the North 
and South poles, into twice go degrees, 
T's for 
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for al the North and South dechna- 
tions of the Sun, Moon, and Stars. 
ln the moveable board F, the ends 
of a ſemicircle ¶ are fixed. The plane 
of this ſemicircle is at right angles to 
the plane of the board, and alſo to the 
plane of the be G in all po- 
ſitions. It is firſt divided into twelve 
equal parts, where the hours are dou- 
bly laid down: and then, each hour 
is ſubdivided to every fifth minute. 
The outermoſt hours are thoſe from 
midnight to Noon, and the innermoſt 
are the hours from Noon to Midnight. 
A quadrant IJ, whoſe ſurface is even 
with the ſurface of the great board A, 
is divided into go degrees, numbered 
upward from the horizon to the zenith. 
As theſe ſemicircles anſwer all the 
purpoles of whole circles, in the inſtru- 
ment; we ſhall call D the vertical cir- 
cle, E the horizon, G the bour- circle, 
and H the equator. There is a notch. 
in D, which receives E; and the in- 
nermoſt edge of D goes cloſe to the 
outermoſt edge G, whole innermoſt 
M2 edge 


[$4] 
edge touches the gutenmaſ edge of . 


in al poſitions. 


The latitude of the place, and the day 
of the month being given; to retiify 
the 1. nfrrument for uſe. 


In the following Problems, we ſhall 
always ſuppoſe the latitude of the 
given place to be N orth. Therefore, 
turn the moveable board F till the 
North pole comes to the latitude of the 
place, on the quadrant T: then, find 
the Sun's declination for the given day 
of the year, on the ſemicircles Cor D; 
| and, as that declination 1s North 11 
South, mark it with chalk, North or 
Soll of the equator H, on the move- 
able hour- circle G; 3 the inſtrument 
will be rectified: ay” remember that 
it muſt always be fo, in each of the 


following Problems, Except the gth, 
and 11th. 


PROB3. I. 


161 


Pros. 1. 


To fd 1 of the oy ae wad 
Porenoon or ; and the Sims 


true Azimuth from \ the South at 
that time. 


Obſerve the dvds altitude with a 
quadrant. Then, move the vertical 
circle D, and the hour- circle G, till 
the Sun's abſerved altitude (above the 
horizon E) on the former, coincides 
with his declination. on the latter: and 
then, the circle G will cut the time 
of the day in H when the obſervation 
was made; and the number of degrees 
reckoned 3 the South point of the 
horizon E to the vertical ——_ D, will 


be the. Sun's true Azimuth from the 
- South at that time. | 


Pao B. 1 
25 find the variation of the compaſs. - 
The Sun's true Azimuth being found 


by the foregoing Problem, compare it 
with 


[86] 


with the azimuth ſhewn by the com- 
paſs at the time of obſervation : and 
the difference will be the variation of 
the compals at the place. where the * 5 
ſervation was made. 


'Pros. III. 


De time of the day being given; to find 
the Sun's altitude and agimuth at that 
time. 


Put the Wackel G to the given 
time on H; and, keeping it there, 
move the vertical circle D till it cuts 

the Sun's declination in G; and the 
interſection will cut the Sun's altitude 
above the horizon in D, and D will 
cut the Sun's azimuth from the South 
1 in E. 2 
4 P ROB. IV. 
= find. the time of the Sun's ri riff ing ot 
ſetting, on any day of the year, in any 
given North latitude le eſs than * 6: 


degrees. 


The * for confining this Pro- 
blem within 66 . degrees is, that in 


greater 


1871 


greater latitudes, the Sun continues 
ſeveral natural days (of 24 hours each) 


above the horizon in Summer, without 

ſetting; and the time is the long er as 
the place is the nearer to the bevy At 
the poles of the earth, the gun is con- 
S y above the horizon for the 
Summer half hear, and continually 
below it for the Winter half. To ſolve 
this limited Problem, turn the hour- 
circle G till the Sun's declination there- 
on, for the given day, comes to the ho- 
rizon E; and then, G will cut H in 
the time of the Sun's riſing, among 
the outermoſt hours; and = aut 


0 ſetting, _— the innermoſt. _ 
Pro _ V. eee 


To fd + a the „ Marking Tails * * 


gins, and when the Ty 7 e 
. 


When the Sun is « juſt I8 e be- 
low the horizon in the Morning, the 
Twilight 


Twilight beg us; and uhen he is 18 
. below the horizon in the Even- 

„ the Twilight ends. Therefore, 
— 4 the 18 degree below the hori- 
200 E in the vertical circle D; and 
mark the Sun's declination for the gi- 
ven day in the moveable hour circle G. 
This done, turn D and G on their 
hinges till you find the 18th degree 
below the horizon on D cuts the de- 
clination on G. and then G will cut 
I in the time when the Morning Twi- 
light begins, among the outermoſt 
hours; and the time when the Even- 
1 ends, — the inner- 
mo 


* B. When the point of he Sun's 


| declination, in the Summer months, 
does not go ſo far as 18 degrees be- 
low the . at Midnight; the 
. continues all the N ih. 


19 


Pres. | vI. 


Place 2 given in 0 N uri git 
Zone (that is, in more than 662 degrees 
* of IV orth latitude) to find on what 

+ day of the year the Sun begins to ſhine 
—_— on that place without ſetting; 
and how Jong he continues to do ſo. 

The pole being elevated to the la- 

titude of the place, put down the move- 

able hour- circle G quite flat to the 
board A; and then, obſerve what de- 
gree, or point, oß North declination on 

G cuts the horizon E. When the Sun 

is at that point of declination, before 

the 21ſt of June, he begins to go on, 
without ſetting; and continues to do 
ſo till he comes to the like point of de- 
clination after the 2 1ſt of June. There- 

fore, the two days, before and after the 
21ſt of June, which anſwer to the "ſaid 
point of declination in the ſcale of 

* give tlie ſolution of the Pro- 

e that before the 21ſt of June 

N .- ũͤ an 


1 90 
being the day on which the Sun begins 


to go round with ſetting; and he con- 
tinues to do fo, till the other after the 


21ſt of June, on which he begins to 


ſet; and then to riſe and ſet 2 as at other 
e N WN \ 


4 Prod vn. 


To 9% ke the —_— continues 
We he fon fs . en 


"The gc ans gg s * — * ah 
Pole, but at contrary times of the year: 
ſuppoſe therefore, we: ee it dor the 
Wen e A nos 

At he North ph while. "109 Sun | 
is ; above. the horizon, his altitude is 
equal to his declination North: and 
while he. is below the horizon, his de- 
preſſion + equal to his declination 
South; and his South declination be- 
W on the 23d of September, and ends 

on the 20th of March. But, as his 
South declination is within 18 degrees 
from the 23d of * to the x 3th 


of 


5 > 


EEC 


/ 1 8 
4 — N 9 


of November, the Twilight continues 
all that time after the Sun ſets. And 
as it is within 18 degrees from the 29th' 
of January to the 20th of March, there 
is Twilight all that time at the North 
pole before the Sun riſes to it. 


a 


Prop, VIII. 5 * 
To 2 the Sur? 5 depreſſ on OY the bo- 


rizon, ar any time of the night, in any. 


Ln latitude be than 6 6; e 


3 


The ſultrument being rectiſied, bring 
the moveable circle & to the given 
time of the night in H; then, move the 
vertical circle D till it cuts the Sun 8 
declination for the given day in G, and 
the declination in & will cut the num- 
ber of degrees of the Sun's * | 
below the haze at that time, in D. . 


| & 4, — 4 
N22 Pub B. Ix. 
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Pros. IX. 


To fad 0 what Worth latitude the Ingeſt 


day it ug ary 8 Egis le eſs than 24 
hours. 


In e en the longeſt 
day is when the Sun's declination is 
232 degrees North. Divide the given 
length by 2, and the quotient will 
give the time of Sun-ſetting': to which 
time, place the 1 G among the in- 
nermoſt hours on and then, turn 
the moveable board 15 till 233 degrees 
of North declination on & comes down 
to the horizon E; and the elevation 
of the pole above the horizon will ſhew 


the latitude of the [mac in the * 


drant 7. 


F 


Pros. X. 77 


To find the Sun s amplintde at riſing and 
ſetting, in any given Harinde teſs thai 
66; b. DEED 


"The time of the gun” 8 riſing and ſet- 
Wh. ng found by Prob. IV. count the 


number 


931 


number of degrees on the horizon E, 

at which he riſes and ſets from the Eaſt 
and Weſt points; ; and har number will 
be he Sun eee n 


Pros. XI. 


The en of the bngeft day 651 giben, 
' at any place whoſe latitude 1s N orth 4 
70 io fn the anne of tbat n 712 


If the rivets length be lef 0D 20 
hours, ſubtract its half from 12 hours; 
and the remainder will be the time of 
Sun-ſetting on that day. To which 

time, place the moveable hour - circle G, 
among the innermoſt hours on H; 
and then, turn the moveable. board F 
till 23+ degrees of North declination 
on G comes down to the horizon E, and 
the pole will then Point out the lati- 
tude of the place, in the quadrant I. 
the elevation of the pole above the ho- 
rizon of any place being always road 
to the: e of the 4 e 

6 I 
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If the leng th of the longeſt day con- 
fiſts of ns natural days, of 24 hours 
each; take the Sun's altitude by a qua- 
ank when he is due North, on the 

21ſt of June; at which time his de- 
clination is 23: degrees North. Then, 
put down the ſemicircles D and G, flat 
to the board A; and turn the movea- 
ble board F till 232 degrees of North 
| declination on G cuts the - Sun's ob- 
ſerved altitude on D: and then, the 
North pole will point to the latitude of 
the place, in the wn J. 


OE B. XI. 


* che Summer months, 10 fond an Eaſt 
and Weſt line; and conſequently a 


Meridian line, for a yo * any 1 
ven laritude. | 


This is beſt 1 about the time of 
the Summer ſolſtice; becauſe. the Sun's 
declination changes flower about that 
time than any other in Summer: and 
it cannot be done in the L 5 

5 0 


; 4" 0+ 1 


bite rats dib 
cauſe, during that time, the Sun is al- 

ways paſt the Eaſt before he riſes; 211 5 
he ſets before he comes to the Weſt. 
Hlaving a wire ſet upright in a level 
board, on which the Sun may ſhine when 
he is due Eaſt or due Weſt, as already 
mentioned (pag. 70) and tha inſtrument 
being rectified, bring the vertical eircle 
D to the Eaſt and Weſt point of the 
horizon E, and turn N moveable 
hour- circle G till the Sun's declination 
thereon, for the given day, comes to 
the vertical circle O; . the decli- 
nation in & will cut the Sun 8 altitude 
in D when he is due Eaſt or due Welt 
on that day. For the reſt of the * 
ration, ſee pag. 70 and 77. 


PRO B. XIII. 


To g ihe a; iAances of all the Forehoon 
and Afternoon hours from XII, on 


4 horizontal dial for ary given La - 
titude, 


Elevate the pole, i in the quadrant 'Y 
to the latitude of the given place; and 


bring 


4 * 


D 
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being "RS moveable hook te G fie. 
abel to all the outermoſt hours on 
the equator H; and & will cut the 
diſtances of all the Foreoon hours From 
XII on the horizon E, as you ring it 
to the like hours on the equator. The 
Afternoon hours being at the ſame 
dliſtances from XIT as the Porenooti 
ours are, by having the latter We have 
allo the __ Bus 


£ 
* 


. B. W ben 23 bs of North 
declination on E comes to the ho- 
rizon E, & will cut H in the time 
: Mr the Sun's Er and ſetting on the 
_- longeſt” day; ; conſequently will 
mit the number of hours to be put 
upon the dial. By the ſame method, 
the half hour and quarter 3 
from XII may be Perez for all the 
hovzs 0 on the dial, 


Pon. XIV. 


Px 5. XIV. 


To find the ye" 2 of the W Wy 
Afternoon bours from XII, n 4 ver- 
tical South dial for ary Ce la- 
e F 1 e err etl 
The pole bent tet} in the! qua- 

drant I, to the latitude of the given 

place, bring the vertical circle O to the 

Eaſt and Weſt point of the horizon B 

(at E. W Y 0 This done, bring the move- 

able cirele G ſucceſſively to all the out- 

ermoſt hours on , from XII to VI; 

and G will cut O in all theſe Moa 

ſtances from XII, "reckoned downward 
from the zenith to the horizon. Thele 
are the Forenoon hours: ad as A 

the Afternoon hour diftances Nee XII 

to VI are the fame as the Fe orenioorn 

hour=diftarices, tis needleſs to Work 

for thei y the nfftuinent.”” 22 - 2 . 150 

. B. On a Ale dire 0 hath 

the Forenoon Hours begin at VI 1 in 

the Morning; and the Afternoon 
O hours 


„ 
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hours end. at VI in the Evening: for 
the Sun never ſhines more than 


twelve hours on any dial whoſe * 
i e to the horizon. 


The meridian or twelve o Weck line, 
on theſe two dials, muſt be made as 
broad as the ſtile is thick. The angle 
of the ſtile's height muſt be equal to 
the latitude of : place for which the 
horizontal dial is made; and the angle of 
the ftile's height in an erect direct South 
dial muſt be equal to the Co-latitude of 
the place. . 

Having thus "TIP: the e e 
ces from XII by the inſtrument, ſet them 
off with your compaſſes, by a line of 
chords, from the twelve o'clock. line 
on your dial plates ; ; which lines being 
made as broad as the ſtile is. thick, ſet 
off the Forenoon hours from the edge 
of the twelve o'clock line, which is to 
the Forenoon ſide of the dial; and the 


Afternoon hours from the Afternoon 
<dge of that line. 


3.4.4 


The 
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The fix. o'clock. line is perpendicular 
to the . meridian line on theſe dials, 
It muſt be drawn before you begin to 
ſet off the hour - diſtances on the dial? 
and the centers of the two quadrantal 
arcs (taken equal to the *— of 60 
degrees on your ſcale) muſt be in thoſe 
points of the edges of the broad me- 
ridian line, J the ſix o clock line 
interſects it. And the broad edge of 
the ſtile, . that ſhews the time — the 
ſhadow, muſt, riſe, from thoſe — 
in the dial which were made the centers 
of the above quadrantal arcs on which 


ien bourrſances are fer off from . | 


Ps ROB. XV. 
To l Fra 4 ee 97 the Forenoon * 


Afternoon hours from XII, on à ver- 
tical. dial, declining from the Soutb 
toward the Eaſt or Weſt, by ay given 
number 2 degrees, | 


Let us ſuppoſe that face of the dial 
mult decline (or turn away) 30 degrees 
Wo 2 | | from 


[ [160 ] 


from the South tet ward the Eaſt; 75 then, 
tis evident, that the Afternoon edge 
of the plane of the dial is 30 degrees 
from the Baſt toward the Noch, 250 
the Fbrendon edge thereof is 30 de- 
grees from the Weſt'toward the Sk | 
Therefote, count the 30 degrees of 
dechinktien from the Baſt point of the 
horizeh 14 (at go, under E. W.) to- 
ward” che North point; and where the 
reckoflin ends (vis. at 60 degrees from 
the North), place the vertical circle D 
in the Wiizon and D will repreſe 
wy Nane of the declining dial. Then, 
to find tlie diſtances of the Forenoon 
rus bes from XII on the dial, bring the 
moveable hour-circle: G ſucceſſively to 
all the Forenoon hours (which are the 
outermoſt) on the equator H, as XI, X, 
IX, Cc. till G comes to the korizon- 2 
in the point where the vertical circle D 
interſects it. And in doing this, G 
will cut the diſtances on D of all the 
Forenoon hours from XII, that muſt 
be eh wu the dial; le diſtances 
| being 


[40x] 


beidg EO" downward-on D, from . 
the zenith to the horizon. 5 
Then, becauſe we have kd f 
Auddet⸗ in the inſtrument, to find all the 
hour diſtances by; and as the Afternoon 
hours are not equi- diſtant with the Fore- 
noon hours from XII on deelining di- 
als; let the Afternoon hours I, II, III, 
Fc. be reckoned among the outermoſt 
on the equator ¶ from the right hand 
toward the left, and let their diſtances 
from XII be taken upward on the ver- 
tical circle D, from the nadir toward 


the horizon E. To find thele diftan+ 


ces, bring the moveable hour-circle:G 
ſucceſſively to the hours I, Wy III, Oc. 
(which are outermoſt) on the equator, 
till it comes to that point of the ho- 
rizon E where the vertical cirele D 
interſects it; and & will cut D in the 
diſtances (reckoned upward from the 
nadir) of all the Afternoon hours that 
mult be inſerted on the dil. 
Having thus found the diſtances 
from XII, of all the Forenoon and Af- 
ſernoon hours that mult be inſerted 
on 
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on the declining dial, and wrote them 


down; draw a fingle line (no thicker 
than the other hour lines) acroſs the 
plane of the dial, perpendicular to that 
edge of it which muſt be the lowermoſt, 


= be parallel to the horizon, when 


the dial is ſet; and that line, perpen- 
dicular to the horizon, will be the Me- 
ridian or twelve o'clock line of the dial. 

Near the uppermoſt end of that 
"ag aſſume a point- for the center of 


the dial; and, having taken 60 degrees 
from the line of chords in your com- 
paſſes, ſet one foot in the center- point, 
and with the other foot deſcribe a ſe- 


micirele on the dial- plane; and there- 
on ſet off all the above - found diſtances 
from the XII o'clock line; and place 
the hours at theſe diſtances accordingly. 

Then, to find the diſtance of the 


ſubſtile (or line on which the ſtile muſt 


ſtand) from the meridian line of the 
dial; bring the moveable hour circle 


to as many degrees from the ' Eaſt 


toward the South point of the horizon 
E as the vertigal circle DN. ſtands at 
from 


Lz! 
from the Eaſt toward the Nortii point ; : 
and the circles D and G will croſs each 
other at right angles. Then, the num- 
ber of degrees on D, which are inter- 
cepted between G a the zenith, will 
be the angle that the ſubſtile makes , 
with the meridian of the dial; which 
muſt be ſet off from XII, among the 
Forenoon hours, becauſe. nk face of 
the dial declines from the South toward 
the Eaſt. And the number of degrees 
on G, which are intercepted - between 
the vertical circle D and the North pole, 
will be the angle of the ſtile's height. _ 
The ſubſtile line muſt be drawn 
to the center point of the dial, that is, 
to the center of the ſemicircle on which 
the hour-diſtances were ſet off from 
XII; and the edge of the ſtile that 
ſhews the hours by the ſhadow, muſt 
begin to riſe from the dial at- the center 
points. 7: 
In this dial, che tile "aut be very 
thin, or elſe have a ſharp edge. If 
the dial declines Weſtward from the 
South, the vertical circle D muſt be 
oh - placed 


—_ 


— 


placed as many degrees from 
point of the horizon, toward the — 
as the dial declines: and then, the en 


diſtances from XII are to be found in 
the ſame manner as above deſcribed. 


In Eaſt-declining dials, the ſubſtile 
falls among the Forenoon hours; and 
in Weſt-declining dials, among the Af- 
ternoon hours. For, in all kinds of 
dials, when they are rightly ſet, the 
edge of the ſtile, that caſts the ſhadow 
for ſhewing the time of the day, n 
be parallel to the earth's axis. 

Every one who reads this, and un- 
derſtands the uſe of the globes, will eaſily 
ſee that theſe are only a few of the 


Problems that may be folved by this 
inſtrument. And a bare view of the 


figure of it is ſufficient to ſhew, that 


any ſpherical triangle may be readily 


formed and ſolved by it; and conſe- 


gquently, all the Problems that depend 


on ſpherical trigonometry. That juſtice 
might have been done to it, I wih Mr. 
Murray himſelf had deſcribed ir, and 


_— 
35 
” 


if »» oat 


* 
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To lin, by the Gir, | 


ſhewn by a clock, 


when 


any ſtar vaniſhes behind 22 


. 


a chimney, or other ob- 
ject, as ſeen through a 
Amal hole in a thin plate 


1 


—— Si Mt. 5 


328 


A "Table hewing 
the daily accelera- 
tions of the Stars. 


126 


of metal, fixed in a win- 


59.12: 


27 1 1 
26 
29 


bm the — 
* 

* * 

c 


— 


whether a clock goes true ; — 
ere: 722002 ©» | Accelerſion: 
| J E = D 
Abenden mis 366 ew 
revolutions from the Me- 1 „ 
o_ to the Meridian | 415 
0 or from any Point 5 
of ths!  epmpale 15 the g 1 
ſame point again, in 365 VE 
days; and 3 1 45 
| 12| 0 47 
gen a 36th pert of a f 3 
revolution every 24 hours BT 
of mean ſolar time. wy Is 
Conſequently, if you 1 f 1 
mark the preciſe moment 2 1 18 38 
12? [1:2 322265 
oe * 
1 
1 
1 
WT 
. 
11 
i 
1 


Ac - and do this for ſeveral L 


nights together (as ſuppoſe 20) if at 
the end of that time the ſtar vaniſhes 


as 


F 


as much ſooner than it did the firſt 
night, by the clock, as anſwers to the 
accelerations for ſo many days in the 
TIRE: the clock goes true; otherwiſe 
If the difference between the 
1670 and ſtar be leſs than the Table 
ſhews, the clock goes too faſt; if great- - 
er, it goes too flow; and muſt be re- 
gulated accordingly, by letting down 
or raiſing up the ball of the pendulum, 
by little and little, till you find it keep 
to true equal time. 
Thus, ſuppoſe the ſtar ſhould dif- 
appear behind the chimney any night 
when it is XII by the clock; and that, 
on the 2oth night afterward; the ſame 
ſtar ſhould diſappear when it is 41 mi- 
nutes, 22 ſeconds, paſt-X by the clock, 
which ſubtracted — XII h. o m. o . | 
leaves remaining x hour, 18 minutes, 
38 ſeconds, for the time the ſtar is 
then faſter than the clock; look in 
the Table, and againſt 20, in the left- 
hand column, you will find the acce- 
leration of the ſtar to be x hour, 18 


min. 38 ſeconds; agreeing exactly with 
what 


L 
=O the difference between the 8 
and ſtar ought to be; which ſhews 
that the clock meaſures true equal 
time. 
Dr. Deſaguliers informs us, that the 


length of a pendulum (from the point 
of ſuſpenſion to the center of oſcillation) 


that ſwings ſeconds in the latitude of 


London, is 39.128 inches. Now, to 
find the length of a pendulum that 
ſhall make any other given number 
of vibrations 1 in the ſame latitude, in a 
minute; fay, as the ſquare of the given 
number of vibrations is to the ſquare of 
60, ſo is 39.128 inches (the length of 
the ſtandard) to the length in inches * 
the Roy ſought. 

By this rule, the following Table i is 
calculated, for all numbers of vibrations 
in a minute, from 1 to 180, ſerving for 
the latitude of London. And, by the 
next Table that follows (page 110) the 


pendulum may be corrected Le any 
other latitude. | 
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A Table, ſhewing of whas- length al. 
| Pendulum muſt be, to make any 
given number of Vibrations in al 
e, From I 70 180, in Lat. 8 

25 bw th of | <| Len 2 13 Length of | 
34 Pendulum. | = the 2 I the po 

. [4 S. 12 

8 — 8 8 

P Feet. Inches. > — | = | Feet. Inches. | j 
+ 1111738 4.8000 31[12 2.577 [| or 3 1.852 

2 2934 7.200 3211 5.037 [62] 3 0.6444 
| 3] 7304 3.200 33/10 9.358 '63] 2 11.490 | 
L4t 7433 79001] 34410... 1-852 I 644.72 10 387 | 
5 469 6.432359 6.998 [65 2 9.340 

| ©] 325 9.80] 36] g 9.681 | 66] 2 8.337 | 
7] 239 6.710] 37] 8 6.894 || 67] 2 7.381 
8 183 4-800} 38] 8 - 1.543 [{ 68} 2 6.465 | 
191 144 11.022]] 39 7 8.611 [{ 6g] 2 5.586 
10 116 $:.608]| 40] 7 4.038 [70 2 4.747 
ph 07 ( 0:23001 41h S 23-730 aner 3-943 
112 Bo 11.255 42] 6 7.753 [72] 2 3-172 
z] 69 2-538]]| 43] 4074 {| 73] 2 2.433 
144 59 6566044 6 "0:759. 74] 2 1-723 
115 52 2.048] 45] 5 9.561 752 1.042 
16] 45 10.234|| 46] 5 6.569 76] 2 0.387 
4%} 49 7-498}} 47] 5 3-767 [| 77] 1 11-758 

18 36 2-755]| 48] 5 1.137 || 78]-1 11.152 
119] 32 _— 49] 4 2 0 79] 1 10.571 

20 29 4.154] 5of 4 8 344 (80 1 10.009 
21 * 7.63951 4 6.156 ö 8161 9. 469 

22 24 3-934|| 52} 4 4093 i bs | 1 8.949 
[23 22 2.27753 4 2-146 || 830 1 8.447 
124] 20 45591] 54] 4 0-109 1| 84} 1 7-963 | 
125] 18 8.377]| 55} 3 10-405 1185} 1 7.496 
26 17 4.374] 56] 3 8.818 [861 7.045 

27 16 1-238]| 57] 3 7-355 || 87] 1 6.610 
28 14 11.669]| 58] 3 5.873 || 88] 1 6.190 
29 13 11.492 59| 3 4.466 I 89] 1 5.771 
ol 13 o. 12 Gol 3 3.128 I! go] 1 F. 390 
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DDr 
e Pendulum Table concluded.) 5 8 5 
Rte Length <\Leng h 8 7 
| [Length of |} = by hi | © hof So 7 3 
F [ihe end. t ede F ge chef © f 
34 Fend. = [Pend, . B, 
| 8 — | | — 1 CY — = 2 
Feet. Inch. || ? |Inches, || 5 Inches.“ F = 
91 1 6.040 9.620151 6.175 I _ſ 
9 4.642 | | 9-464 j| 152] 6 095 308 
9311 4.252 I} | 9.310 |} 153] 6. 8. 8. SI” 
| 94] 1 3-939 || 124]- 9.161] 154] 5. EI 
95] 1 3.597 9.015 || 155] 5-86 338 
9661 3.284 8.872 | 156 8 Sn | 
| 97] 271 [+727] 8-727 [Þ 157] ” m8; 
| 98] 2.570 | 8.597 | 158] = * = 
99] 1 2.372 || 229]. 8.464 [] 159 2. ＋ = 
1100] 1 2.068 ||. 8.335 160 7 5 
1016 1 1.800 8.208 || 161 5 7 
10241 1.539 Fee 12 ö 4 5 
103] I 1.277 UE 7-9 3 [1 3] | 2 ; | 
[104] 1 1.006 || 7-844 || 164 2 
105] 1 0.776 | 7 728 | 155 © w "1 
106] 1 0.536] 7.615 |] 166 58 
107] 1 0. 303 7.510 [| 167], = — 
[108] 1 0.076 | ' 7.396 || 168]. 12 . 
109] 0 11.856 | . 7-291 || 169]. | >8 8 
| 1100 o 11.641 }] ' 7.187 [| 170] E = 
11110 11,433 ! . 7.085 4 171 1 3 
112] © 11.211142 6.985 172 as 2 
1131.0. I1:031 [1.143] 6.888 || 173] _— 
1714] o 10.838 | 6.793 [| 174] 4 22 =} 
115} 10.51 [| 145} 6.6991] 195] 4. FS 
1166 0 10.368 44 6.608 176 a ; TAS 
1117] o 10.281 6.518 [177 4. 8 3 4 
18 o 10.117 60.430 þ| 178] 4.445. © 8 2 
1195 © 9.954 | 6.3451] 179] 4 © 8 & 
120] 0 9.78211 1501! 6.26018 4.347] 88 < 
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Equator would gain every 24. hours 
in different Latitudes; and how 
| much the Pendulum would need to 


be lengthened in theſe Latitudes, in| 


order to make it ſwing Seconds there- 
1 
| | Lengthen- 


a 
2 | 


Jof the [gained |Pendulum [of the gained Pendulum 


[4 Table, ſhewing how much a Pendu-| 
lum that ſwings Seconds at the| 


5 "nk ngthen- 
Latitude Time | ing of the Latitude Time [ing of the 


- 


Place. fin one to ſwing Place. ſin one ſto ſwing 
| ay. Seconds. Day. []Seconds. 
| Deg. seconds. Inch. Parts. || Deg. Seconds. Inch. Parts. 
J-:- £ 1 70 .oon6|] co [134 o 1212 
10 + 9] © .oo62[| = 4 .2] © +1386 
1 15 310 01380] 60 7 . 240 1549 
20 26 .7] © . 0246 66 187 Jo 1696 
25 | 40 8 o .0369]| 70 [zo1 .6]o 1824 
30 | 57 +I] © .og16]} 75 1213 of 1927 
35 | 75 -1] © 579] Bo fz 4 o 2033 
4 42 | 94 -3] © -0853]] 85 226 50 obs 
| 45 1114 11 033 | go 228 .3 2 2065 


A pendulum that wings ſeconds at 
the equator muſt be == parts of an inch 
ſhorter, than one that ſwings ſeconds at 
London; and a pendulum that : ſwings 
ſeconds at the poles, muſt be , parts 


of an inch longer than one - that 
{wings ſeconds at London. The cauſe 


of this difference ariſes from the ſphe- 


| de 


Fan) 


roidical figure of the earthy: ud 5 
centrifugal 9 diminiſhing (and ſo 
acting gradually, leſs and lech, from 
the equator to the North and South 
poles, as the diurnal motions of 125 
places are ſlower and ſlower. 

The length of a — chat 2 
ſwings ſeconds | at the equator is 39 
inches; and the length of a in 
that ſwings ſeconds at rk poles, is 
39-266 . io „ eli Ke - 
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K. About byesty y years ago, 1 made 
a wooden model of a clock, which 
ſhews the apparent diurnal motions of 
the Sun, Moon, and Stars, with the 
times of their riſing, ſouthing, and 
ſetting, for every day of the year; to- 
gether with all the various phaſes of 
the Moon, and times of her being New 
and Full in the different months of the 


year; with the days of the months, 
never Ny to be ſhifted, ſave once 


in 


141 


121 


in four years; and the age of the Moon 
for every day of the year, and to every 
third hour from her change, in any 
current Lunation. All theſe are ſhewn 
on the dial-plate, without any confuſion; 
and I keep the model Rill * me to 
en in my lecture. 
Thie outer part < the dial Plate i 1s 
divided: into twice twelve hours, and 
each hour into eight equal parts, for the 
half hours, [ and half quarters. 
Within this circle of hours there is a 
Ting, which goes round once in 24 
hours, and carries an index for pointing 
to the hours of the day and night, and 
a gilt ball for repreſenting the Sun, and 
ſhewing his apparent diurnal motion 
round = earth, This ring is divided 
into 29 days, 12 hours, and 45 minutes, 


for the Moon's age from change to 


change. A ball, half black, half white, 
is turned rround its axis in 20 days, 
12 hours, and 45 minutes, for ſhewing 
all. the various phaſes of the Moon: 
the axis of the ball lies in the plane of 


the ring, and comes out a little way 
beyond 


beyond the * * points to her: 


age in the foreſaid diviſions on the ring, 
falling back every day as much as the 
Moon is later of coming to the meridian. 
every day than ſhe was on the day be- 
fore; and conſequently, the po Ons. —_—— 
motion falls back every day ſo in the 1 
ring, as to go round it in 29 days, 12 
hours, 45. minutes, from the Sun to 
the Sun again. 
Wichin . ring is a b 
plate, divided all around its edge into 
365 equal parts, for the months and 
days of the year, which are ſet at the 
proper diviſions. This plate makes 
366 revolutions (as the ſtars do) in the 
time the Sun makes 365; by which 
means, the wire that carries the Sun 
round in 24 hours, cuts the day of the 
month on the plate, as the plate ad- 
vances a 365th part of a revolution 
upon the Sun, once every 24 hours: 
10 that the plate turns round in a ſy- 
dereal day, which conſiſts of 23 hours, 
565 m. 4 1 6 thirds, of mean ſolar time; 
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*. the Sun goes round i in as mean 


folar:hours;o 1 11 2 
The equator, abliatins aha tropics 
are drawn on this plate; the ecliptic 
is divided into the 12 ſigns of the Zo- 
diac, and each ſign into 30 degrees. 
The wires, which carry the Sun and 
Moon, cut their places in the Ecliptic, 


for every day of the year. All the re- 
xs Fare ſtars of the firſt and ſecond 


magnitudes are laid down on this place, 


according to their right aſcenfions and 


declinations. 
Over this plate i is a fixt 3 for 
ſhewing the times of the riſing and 


| ſetting of the Sun, Moon, and Stars. 


When any ſtar comes to the Eaſt fide 
of the horizon, it riſes; and the hour- 


hand points to the time of its riſing: 


when it ſets on the Weſtern ſide of the 
horizon, the hour- hand points out the 
time of its ſetting; on any day of the 
year which the Sun's wire then cuts. 
When the points of the ecliptic, which 
are cut by the Sun's wire, and the 
Moon's, come to the Eaſt and Weſt 

ſides 


* 
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ſides of the horizon, the hour- hand 
points to the times of their riſing and 
ſetting, on the day of, the year which 
the wire then cuts that carries the Sun. 

The nen r this Uk. is Ru 
follows. 8 W * 


of xl Dial- 7 is a rt rm of 16 
leaves, round which one wheel of 100 
teeth, and another of 70 are carried, 5 
every; 24 hours; the Keck of the pi- 
nion taking into the teeth of the wheels. 
On the axis of the Wheel of ro teeth 
is a pinion of 14 leaves, which turns 
a wheel of 69 teeth, on whoſe axis 
is a pinion of 7 turning a wheel 
of 83 teeth, which wheel is pinned to 
the back of the ſydereal flat plate 

above-mentioned, which has the W 

and ſigns &c. upon it; and any given 
point in the edge of this laſt wheel 
and plate, revolves from the meridian 
to the meridian again, in 23 hours, 56 
min. 4 ſec. 6 thirds (which makes a 
ſydereal day) and from the Sun to the 
Sun again (which revolves in 24 hours), | 


Q2 =... 
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in 365 days, 5 hours, 48 minutes, 58 
ſeconds, and 47 thirds, of mean ſolar 
The above-mentioned wheel of 70 
teeth (which is carried round the fixt 
pinion of 16 leaves every 24 hours) 
has a pinion of 8 leaves on its axis, 
1 which turns a wheel of 54 teeth; and 
to the axis of this wheel of 54 the 
Moon's wire is fixed, which carries the 
Moon round, from the meridian to the 
meridian again, in 24 hours, 50 min, 
25 ſeconds; round the ecliptic on the 
flat plate in 27 days, 7 hours, 43 mi- 
nutes, and round from the Sun to the 
Sun again (or from change to change) 
in 29 days, 1 2 hours, 45 minutes. 


N. About ten years ago, I made a 
wooden model of a clock for ſhewing 
the apparent diurnal motions of the 


It is generally believed that the Moon re- 
yolyes from the meridian to the meridian again, in 
24 h. 48 min. but that is a miſtake; for if ſhe did, 
there would be 30 compleat days from change ta 
change. | R n lite 


Sun 
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Sun and Stars, with the times of their 
riſing and ſetting for every day of the 
yeat; and the days of the months all 
the year round, without any need of 
ſhifting by band in the ſhort. months, 
as. is always done in common clocks. 
I copie 5 — Dial-plate of this model 
from a clock that Mr. Ellicott had 
made fa; the king of Spain: but alt 
though Mr. Ellicott. . me the 
DE. in- ſide of the clock, I did not 
aſk him what the numbers of teeth in 
the wheels of it Were, although, 1 am 
convinced, he would have told me, if 
I had; nor do I, in the leaſt, remember 
how many wheels there were in the 
uncommon or Aſtronomical part of tz 
and ſo I ſet about contriving wheels and 
numbers for performing the like motions. 
The Dial-plate contains twice twelve 
hours, and within the circle of hours 
there is a large opening in the plate, 
a little elliptical : the edge of this opetty 

in ſerves for an horizon. 
Below the Dial-plate, and ſeen 
through the large opening in it, * 
| 


eh 


flat plate on which the equator, ecke 
tic, and tropics, are drawn; and all 
. the ſtars of the firſt; ſecond, and third 
magnitudes are laid down, that are vi- 
fible in the horizon (of Madrid in Mr. 
Ellicott's, and of London in mine) ac- 
cording” to their right aſcenſions and de- 
clinations: the center of the plate being 
the North pole. Thie eeliptic is cut 
out into a narrow groove in the plate; 
and a ſmall Sun flides> in the groove 
by / a pin, and is carried round by a 
wire fixt in the axis, which comes a 
little way out through the center of 
the plate. The edge of this plate is 
divided into the months and days of 
the year, and the Sun's wire ſhews the 
days of the months in theſe diviſions. 
This ſtar plate goes round in a ſydereal 
day, making 366 revolutions in a year; 
in which time the Sun makes 365, 
and conſequently ſhifts a — or 
day of the month, every 24 hours. 
A ſmall wire is ſtretched from over 
2 center ww the Ms on plats: to the 
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upper XII on the fed Dial-plt 
This wire is for the meridian. -- 197Y 
When the Sun, or any ſtar,” comes 
to the Eaſtern! edge of the horizon, the 
hour index is at = time of riſing of 
the Sun or Star, for the day of the 
year, pointed to by the wire, that car- 
ries the Sun: and when the Sun or 
Star comes to the Weſtern edge of the 
horizon, the hour index is at the time 
of its ſetting. The Sun always comes 
to the meridian at the inſtant of the 
ſolar noon; but every ſtar comes ſooner 
to the meridian every day, than it did 
on the day before, by 3 minutes, 5 5 
ſeconds, 54 thirds of mean ſolar time, 
as it. revolves from the meridian to 
the meridian again in 23 e 56 m. 
4 f Beithirds. i761; * 
When any ſtar is on tha 8 in 
the clock, the ſtar which it repreſents 
is on the meridian in the heavens; the 
time whereof is ſeen by the hour: index 
on the Dial-plate. And, as the ſtars 
have their revolutions on the plate, one 
may look at the clock at any time, and 
6139 b : -- as 
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ſee what flarcmethen above this horizon, 
what ſtars are then on the meridian, and 
what ſtars are then riſing and ſetting. 

My contrivance for ſhewing theſe 
motions and phenomena, in the model, 
conſiſts of no more than two wheels 
and two pinions, as follows. 

The wheels are of equal 8 
and ſo are the pinions; the numbers 
of teeth are 61 in one wheel, and 73 
in the other. The pinions are both 
fixt on one axis, the one having 20 
beurer and the other 24. The wheel 
of 73 teeth is faxed to the back of the 
4 wheel, and the axis of the wheel 
of 6x comes through tt > wheel of 73, 


and through the ſydereal plate, and 


carries the wire round on which the 
Sun ſides in the ecliptic groove, and alſo 


the hour hand on the Dial-plate. 


The wheel of 61 teeth turns the pi- 
nion of 20, and the pinion of 24, (fixt 
on the ſame axis with that of 20) turns 
the wheel of 73. 

Nov, if the . of bs teeth be 
turned round in 24 hours, to carry the 

4 Sun 
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Bun and hour hand, the wheel of 73 
teeth will be turned round in 23 hours, 
56 minutes, 4 ſeconds; 6 thirds. And 
ſo, the ſydereal plate will make juſt 
366 wache in the time that the 
Sun makes 365. ee 
Mr. Ellicott had the prettieſt, 224 
moſt ſimple contrivance I ever faw, 
in his clock, for ſhewing the difference 
between equal and ſolar time (generally 
termed the equation time) on all the 
different days of the year. He gene- 
rouſſy allowed me to copy that part 
into my model, and I have quite con- 
cealed it within one of my wheels, not 
to ſhew how it is done unleſs he pub- 
liſhes an account of it. The Sun, by 
that ſimple contrivance, even in my 
model, comes as much ſooner or later 
to the meridian, than when it is Noon 
by a well- regulated clock, as the Sun 
in the heavens does, at all the different 
times of the year, excepting the four 

days on which the time of Noon ſhewn 
by the Sun and clock ought to coin- 
cide: and then there is no difference in 


XR the 


* 
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the clock. And although the wheel 
work is quite open to fight in the 
model which I now ſhew in my lec- 
tures, no perſon who ſees it can gueſs 


how the unequal motion of the " 
in the model, is performed. 


III. In the year. 1764, when 1 
happen ed to be — Liverpool, I con- 
trived a clock for Captain Hutchinſon, 

who is Dock-maſter of the place, for 
ſhewing the age and phaſes of the Moon, 
and the time of High and Low water 
at Liverpool, every day of the year, 
with the ſtate of the tides at. any time 

of the day; by looking at the clock. 
At the right and left lower corners 
of the Dial-plate, under the common 
circles for the hours and minutes, there 
are two ſmall circular plates. On the 
plate at the left hand there are two 
circular ſpaces, the outermoſt of which 
is divided into twice twelve hours, with 
their halves and quarters: within which, 
the ſecond circular ſpace is divided into 


aria 1 parts for the days of. the 


2 41 Moon's 
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Moon's age; each day ſtanding under 
the time of the Moon's coming to the 
meridian on that day, in the circle of 
24 hours. An axis comes through the 
center of this plate, and carries two in- 
dexes round it in 29 days, 12 h. 45 
min. or from change to change of the 
moon: and theſe indexes are ſet as far 
aſunder, as the time of High water at 
Liverpool differs from the time of the 
Moon's coming to the meridian. 80 
that, by looking on this plate in the 
Morning, one may ſee at what time 
the Moon will be on the meridian, and 
at what time it will be High water at 
the place. 

On the ri ght an plate, 0 00 its 
edpe; all he, different — of the tides 
are marked, from High to Low, and 
from Low to High; and within theſe 

appellations is a ſhaded ellipſis, the 
higheſt points of which repreſent High 
2 and the loweſt parts Low water. 
4 goes round this plate in the 
time of the Moon's revolving from the 
meridian to the meridian again; and, 

| nx at 
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at all different times, points out the 
ſtate of the tide, as it may be then 
High or Low, riſing or falling. 

In the arch of the Dial- - tk above 
the hour of XII, a blue plate riſes and 
falls as the T ies do at Liverpool: and, 
over this plate, in a painted ſky, a gle: 
bular ball, half black, half white, ſhews 
the whales of the Moon for. every day 
of her age, throughout the eat. 
The wheel-work for ſhewing theſe 
appearances is as follows. 

A wheel of 30 teeth is A e on hs 
axis of. the twelve-hour. hand, and turns 
round with it. This wheel turns a 
wheel of 60 0 round in 24 hours, 
and on its axis is a wheel of 57 teeth, 
which turns round in the ſame time, 
and turns a wheel of 59 teeth round 
in 24 hours 50% minutes, on whoſe 
axis is the index on the right hand 
corner: plate, going round the plate 
in the time of the Moon's revolving 
from the meridian to the meridian 
again; and ſhewing the ſtate of the 
Tide at * time, when the clock is 

looked 
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looked at. On the axis of the ſame 
wheel of 59 teeth is fixed an elliptical 
plate, which raiſes and lets down the 
Tide-plate in the arch, twice in 24 


hours 50 minutes; in which time 
there are two ebbings and "Howingy 85 


the Tides. Gil 


The een a abi 57 
danke has a pinion of 16 leaves on its 
axis, turning a wheel of 70 teeth, on 
whoſe axis is a pinion of 8 leaves, turn 
ing a wheel of 40 teetli, which turns 

a wheel of 54 teeth round in 29 days, 
12 hours, 45 minutes; and on the 
axis of the wheel of 54 teeth are the 
two indexes on the falt hand corner 
plate, for ſhewing the Moon's age on 


that plate, with the time of her! an 1 


ing, and of High water.. 


The wheel of 40 brech here mention- N 3 


ed, might have been of any other num- 
bs. and might have been left out, if 
the pinion 3 8 leaves had taken into 
the wheel of 54 teeth; but then the 
index would have gone the wrong way 
round the dial plate. 80 that the only 

„ 


13 
uſe of the wheel of 40 is to be a leading 


wheel, for my the index round the 1 


night way. 

n thoiazis of the wheel of 54 teeth 
(which turns round in a lunation) is a 
{mall wheel of 20, turning à contrate 
wheel of the ſame number, on whoſe 
axis is the globular. Moon ( half black, 
half white) in the arch, turning round 
in a amen, and ſhewing all her 
phaſes. - 
In theſe three clocks; 1 have only 
| deſcribed the uncommon parts, which 
are connected with the common part 


of: the movrment R unto * 
b a 12 


$7 + 


An 0 way of een FR pere 
diurnal motions of the Bums an oa Moon 


a Clock. 


Ber a thick het a, 7 teeth be 
s round in 24 — and take 
into the teeth of two wheels of equal 
diameters, one of which has 57 teeth 
el the other 393 theſe wheels lying 


cloſe 
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cloſe upon one ancther, An the axis 
of the one turning within the axis of 
the other. A wire fixt on the axis of 
the wheel of 57 will carry a Sun round 
in 24 hours; and a wire fixt on the 
axis of the wheel of 59 will carry a 
Moon round in 24 hours go: minutes. 
If the Sun carries a plate round with 
him in 24 hours, and the limb of the 
plate be divided into 294 equal parts 
for the days of the Moon's age, the 

Moon will . her age in the divi- 
ſions of that plate; and may be made 
to turn round her axis, and ſhew her 
phaſes, by a wheel of any number of 
teeth, on her axis, and taking into the 
weh of a contrate wheel of the ſame: 
number, fixt on the axis of the wheel 
of 57 teeth, which carries the Sun. no 


An eaſy way of ſhewing the phaſes of th the 
at Moon, i in a Clock. © | 


Si 2 whee! of 16 tech by fxed o on 
the axis of a wheel of 15, and the 
wheel of 16 turn a wheel of 63, on 
of whoſe 
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whoſe axis let a ball, half black, half 
white, be fixed; and project half way 

out, through a W hole in the di 
pate. | 
Then, if the wheel of 2 5 teeth be 
always moved one tooth in 12 hours, 
the ball will be turned round in 29 
days, ,12 hours, 45 minutes, and ſhew 
all the various 8 of the Moon. 


As * method. of ſhowing the Sun's 
Place in tbe Ecliptic every day of the 
© year, in a clock; and his motion round 
be Ecli iptic in a Solar year. PA 


et a pinion. Fr. 12 leaves be "NP. 
round once every ten hours, and this 
pinion take into. a wheel -of 67 teeth, 
on Whoſe axis let there be a ſingle 
threaded ſcrew taking into a wheel of 
157 teeth. This laſt wheel will turn. 
round in 365 days, 5 h. 49 m. 50 ſec. 
And an index on its axis will carry a 
Sun through the whole 360 degrees 
of an ecliptic, engraven on the dial 
99 55 in the ſame time: and may 1 
75 the 


W 


1 29 


the days of the* months on another cir- 
cle within the ecliptic. This was the 
contrivance of Mr. Arnſhaw, near Man-. 
chefler, who communicated it to me. 


E ow to ſhew the periodical "revolutions. 

of the E arth, and all the other planets, 
round the Sun, in à Cliel; ſo as to 
agree nearly with: the veriedienl revo- 


lutiom of the planets about: W * in 
the en 17 65 


* . - 


La 25 Sis fekets, or — be 
made to fit and turn within one ano- 
ther, and all of them to turn upon a. 
fixt ſpindle, or axis; on the top ef 
which. let there be a ball to repreſent 
the Sun. Let the wideſt arbor be the 
ſhorteſt, and have an arm on its up- 
permoſt end to carry a ball repreſenting 
Saturn, and a wheel of 206 teeth. on its 
lowermoſt end, | 

Let the next ſized «bor be 10 LENT 
longer than the above one, as to have 
a wheel (of 83 teeth) put upon it, be- 
low the wheel of 206; and an arm on 


„ the 


to r epreſent 
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the, other end (above Saturn' ) for car- 


ry ing a ball.to repreſent Jupiter. 
Let the third ſocket be ſo much 


longer than the ſecond, as to have a 


wheel on it (of 47 teeth) below the 
wheel of 206, and an arm 'on its other 


end, above /+ rar s, for carrying a ball 
os AO IIEY 

oo the fourth arbor be 1 5 
longer than the third, as to have a 
wheel (of 40 teeth) on its lower end, 
and an arm on its upper end, above 


Mars's, for ee a ball to repreſent 


the Barth. . 

Let the fifth arbor be fo aol? longer 
than the fourth, as to have a wheel (of 
32 teeth) on its lower. end, below the 
wheel of 40, and an arm on its upper | 
end, above the Earth's, for carrying a 
ball to repreſent the planet Venus. 
Let the ſixth (which is the ſmalleſt) 
arbor, be ſo much longer than the fifth, 
as to have a wheel (of 20 teeth) on its 
lower end, below the wheel of 325 
and an arm on its upper end, above 

IT Venus 8, 


AE 


Venus 85 for cart 1 4 ball ts teptekent 
the planet Merc 1 

Saturn's arm muſt be the ' Jongelt” bf 
all, becauſe that” planet is the fürtheſt 
of all from the Burke Ju iter's the next 
longeſt, Mars's the: next, the Earth's the 
next, Venus's the next, and Melouty 
the, next, or ſhorteſt of all, becauſe = 
Mercury 18 the neareſt of All the 7 
nets to the Sun. 1 

"P be wheels muſt be fi en wy 1 | 
ra peatve arbors, and diwi in theit 
1260 from the His heſt numbers to tt 
lowelt ;* fo that, IJ they are All * 

together, they may form 15 ewhat of 
the appearance of a cone. = | 
And, to give theſe wheels ad Piaget 
their oper motions, vas they muſt be 
tametl By y fx Wheels (or rather four 
heels and two Pinions) all fixed on 
one, ſolid” axis, in a conical manner, 
invertetl“ with re et, to the other fix 
wheels; ſo as the wheels and binions | 
on the ſolid axis may take ! into . 
on the arbors, and turn chern. 2 


"ON ws The 


4 : } 1 
4 5 - ' 4 4 & Fl 
* : 
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The ſolid axis, with all its wheels 
and pinions, will turn round in the 
ſame time- together, becauſe the wheels 
and pinions are all fixed on the axis; 
and muſt be turned round once in a 

ear by the clock-work; which may 
be 4 done by ſuch a meshgd as Mr. 


3 7 5, already mentioned. 


Then, if the uppermoſt and ſmalleſt 
pinion on the axis has 7 leaves, taking 
into Saturn's wheel of 206 teeth; Sa- 
turn will be carried round the Sun in 
10748 days, 18 hours, 43 minutes: 
for, as 7 is to 206, bo 18 365-25 to 
10748. 78. 

if the next binden on the 3 axis (chich 
muſt be of a bigger ſize than the pinion 


of 7 above it) has 7 leaves, and takes 


into Ta wheel of 83 teeth; Ju- 
piter will be carried 5 the Sun in 
4330 days, 19 hours, 40 minutes: for, 
as 7 is to 83, ſo is 365.25 to 4330. 82. 

If the wheel below this pinion on 
the axis has 25 teeth, and takes into 
Mars's wheel of 47; Mars will be car- 
ried round the Sun in 686 days, 16 


F - hours, 


'E 


: 
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hours, 5 minutes: for, as | 728 is to 47. | 
ſo.is 365.25 to 686.67. 4 
If the next bigger wheel on the OY 
which turns round in 365. 25 days, 
has 40 teeth, and takes into the Earth 8 
wheel of 40 teeth; the Earth will be 


carried round the Sun in 365, 2 5 days. 


If the next bigger wheel has 5 2 teeth, 
and takes into Venus's wheel of 32 — 4 7 
Venus will be carried round the Sun in 
224 days, 18 hours, 29 minutes: for, 


' 

Ml 
4 5 

| . 
| 

| 


* 52 is to 32, ſo is 365. 25 to 224. 77. 


And laſtly, if the largeſt wheel on 
the axis has 83 teeth, and takes into 
Mercury's wheel of 20; Mercury will 
be carried round the Sun in 38 days, 


0 hours, 14 minutes: for, as 83 is 3-1 


20, ſo is 365.25 to 88.01. | 

I have ſeen a calculation of this art 
in a printed book; but the numbers | 
there are ſo faulty 5 Mars and Saturn, 
that I was obliged to alter them; 8a- 
turn's period being wrong by 51 days. 
How near theſe are to the truth will ap- 


pear by comparing them with the an- 


nual —— in the 9 Table. | 


4 Table 


e 


— — — — — — 


| 
\ 
| 


| 


he 


— W 


n . 


** 


of a degree. 


June 6, 1761. 


Mk 


EY 


The circumfer- 


2 77 ewing 755 times contained i in the. annual and e revo- 
Lo of the Planets; with their relative and true di Nances from the 
Sr, thd'aercamferences of thetr Orbits, the number of miles they move 
every hour therein, and their daily mean motions in degrees and parts 
Their diſtances in miles from the Sun are here ſet down, 


as they were found. zo be * whe TAI 1 85 Venus over N Su us, 


| | | : 2 
The ſix Their an- Their di- Hourly Their Their real The number Tbeir dal 
primary |[nual Peri- urnal Ro- motion of relative] diſtances frowi }ynces of their | of miles they ly mean 
Planets. .|ods round tations. [their Equa- mean, the Sun in En- Orbits in En- move in each motions in 
e tors... _ -» |dift. & [gliſh miles. gliſt miles. hour, in their their Or- 
a ASE wHF = aL: <-- þ - [Orbits. 8 
— — —  — PS BL” 
as = | 46M 5, | - Mil. 2| Pods | Eng. A 
[Mercury | - 87 23|Unknown. Unknowd. | 3871 -36,841,468 | 27,79% 1089984 5 32 
| Venus | 224 17] 24% 8 43723368, 897,486 - 433,032,198 |] 80295.24 | 1 36 8 
The Earth! 365 6 1 ob 1042 1000 | 95,173,000 ] 598,230,286 | 6824 3.24 [ 0 59 8 
Mars 686 23] 24% 4% 355618237 | 145,014,148 | g11,g17,502 | 55287.00 | o 31 27 
jupiter 4332 12 % af 88 494. 990, 976 3. 111, 351,849 29063.50 [ 0 4 59 
[ 10759 7 Unknown. Unhkn wn.” 95400 907,950,130 | $,707,152, 7 ö Oh | ER, 
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8 7 Tp br are « þ 7x Sw on . Dal. 
Plate of a clock, all goi round the 
{are way; and 22 the 2 „ or i | 
eft hand, A, goes round in 24 bours 
the next eue, hand, B, in 22 hours ; B 
the next, C, in 20 Pen” 3 the next, 

ee the next, E, in 16; and 

rhe laſt, or fwifteſt, F, in 14 bale a 
and that they all fet of together, from 
a conjunttion, at any given point of the 
Dial plate. Qu. in how many hours 
; _ afterward will they all be in con- 
junction again, and 7 many revolu- 


tions will eat band baue made in 
that lime 9 | 


Let a b, 8 3 e, 1 K be the periodical 
times or revolutions by A, B, C, B E. 
F, then, a, will be 24 hours F 22, C 

20, d 18, 2 16, AJ 2 1 859 
I. The canon for e the time 
: that muſt A5 between the con- 


1 | 


[ 36 
| junctions of 4 and B, is 2, and con- 
ſequently all its multiples ; ; vis. 2 


— 6.3 
b b : 
33 = &c. on to ; where n is any 


indefinite number of conjunctions. 
For, if A and Z are in conjunction 
at the end of the time , tis evident 


they will be in conjundtion again when 
as much more time has elapſed; and 
ſo on to infinity. 
2. The canon for Gnding the times 
between the conjunctions of B and C 
is — and all its ne indefiniteiy; 
as wy 2 &c. to 2 Sos... | „ | 
And therefore, when 2 2A; or its mul- 
| tiple, is equal to or its multi ple, ”. 
B, and C will hen be in conjunction 
again. For, by the firſt expreſſion, A 
and B will be in conjunction; and by 
the ſecond, B and C will be ſo too. 
But the expreſſions being equal, the 
times muſt alſo be equal: that is, A, B, 
and C will be in conjunction again. 
. The canon for finding the times 
between the conjunctions of C and D 


Is EL 10 all its multiples indefinitely, 


as 


— — 
— . X 


= CLONES _ oy _ | — 
9 3 — > _— — — — — — —Ue— — <= « . n - at E24 1 =_ — 2 2 47 
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bove. And therefore, when Any 
— of the, conjunctions of A, B, 
is equal to any multiple of me 
2 er C and. N, —ů B. C 

and D, wi in conjunction ain, 
4-4 i e . of 1 N 
between the conjunctions Ng D 2 
is 2, and all its multiples; and nd 
fore when, any multiple 75 : che gone 
junctions of A, B, 1 and 9, is equal 
to any multiple os. the conjunctionꝭ 0 
D and E, then, A, B, C, D, and 
will be ; in gon junction again. We 
5. The 1 ſor finding "he Une 

e the conjunctions 0 'E, a "and 
8 „and all its multiples, 5 


Ty therefore, when any multiple of. the 
conjunctions of A, B, C,.D and E, 1 1s 
equal to any multiple of the conjundtions 
of E and. E, all the bands A, B, C., B, 
E, and F, will de again in conjunction. | 

The multip les muſt all be Whole 
numbers, and be leaſt that will do mut 
be taken, to find the times between: the 
next ſucceeding conjuneions, "LIM 


* 

* a N 1 

4 3s 6 ol 4 F- 9 >, 2 
= 5 4 x 

1 1 N . — e 
pe! 
* . 
4. 
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Tue times between the conjunctions of 
cheſe ſix hands, taking them by two | 
and two, are as follows, 
22264; the number of bob in in 
which A and B will come to their next 
conjunction, after their firſt letting out 

together. 

ee the Sünde of "PET in 


hich B and C will come to their next 
bn unRion, after their firſt ſetting out 
Ether. | Wie! 

2 180; the number of hours i in 
which G and D will come to their next 
conjunction, after their firſt fettin 1g out 
together. 

— . ; the cupder* of hours in 
which D and Z will come to their 
next conjunction, after their firſt ſetting 

out. together. And. 

' £ =T12; the number of hours in 
which E and F will come to their next 
| r after their firſt ſetting oyt 
together. 

4 5 working ſor ſack multiples (of 
integer numbers) 40 will make the 


q above 
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above expreſſions equal, ia che leaſt 
ratios of the times, I . en as 


wt ot 


£4) molti by 53 as 
to 220 _— N) multiple 


to 1320 Bourse fot the 35 in neh 
5 B and C, will come to their next 
conjunction, alter their firſt ſetting out 
together. And © 

1320 hours (the conjunction of A, 
B, and C) multiplied by 4.. i equal to 
180 hours (or ) multiplied by 223 
equal to 3960 hours, for the time 
the next conjunction of A, B, C, an 


D, after their firſt ſetting out "Together 
And . 


3960 hours {the e con) jun en of 4, 
B, FG and D) multiplied by 4, is equal 
to 44 hours (or ©). multiplied by 
x10; equal to 35840, hours, for the 
time of the. next conjunction of 4, B, 
C,D, and E, after their firſt ſrring out 
together. And 


15840 hours (the. laſt mentioned 
hebe 9 by 75 is equal 


AL T2 4 0 


\ „ en *r ͤ—— 5 
* 2 
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to 112 hours (the conjunction of E and 


F, or ) multiplied by 990, equal to 


110880 hours, the time when all the 
fix. hands, A, B, C, D, E, and F, will 


be in conjunction again, alter the in- 


ſtant of their firſt ſetting out together, 
from a conjunction at any given point 
of the Dial · plate; and all moving round 
it the ſame way, in the times above- 
mentioned. i 

Now, as it will: require I 2 875 hours) 
{or 4.260 days) to bring all theſe hands 
together again, after their firſt, ſetting 
out” together; divide 1 108 80 by 24 
hours, the time of 2s. going round; 


by 22, the time of B's going round; 


by 20, the time of C's; by 18, The 
time of D's; by 16, the time of Ez 
and by 14 hours, the time of Fs going 
round: and the quotients will ſhew 
that A has made 4 260 1 * B 
5040, C 5544, 'D 8786 2 6930, 

F 7920. And, at the end of fo 9) 
more revolutions of each hand, they 
will all be in conjunction again; 5 72 80 
ſo· on oentinüaly. * n 
01 2 II. 


5 * _ *r bd 
SH + A * „„ A ATM EFIEITON ABT x 

LX ta 8 \% hs & AH 4 wh 43-44% #83 VV we & 2 
e C.J 


ay Salla Slade, . off ug 
voi Dane 10: eg 
The: e times 1 _ hs Tee 
Py being given, and. Juppo ng then K . 


to have been all at once in à line « 
conjunction with the. Sun; to find 2 | 
nuch time would elapſe before tbey mene 5 
all in a line of conjunctiom with the Sus | 

| : A, This Problem I had pom 
Mr. Wa aring. (now Profeſſor o 
thematics 1 in the ninety 0 by 
e in the 8 135 . 009 


Let 4, ” * Th 20P: e, * be ebe wi 
7 to the periodical” times or revo- 
Iutions of the ſix planets about the 
Sun; à being the longeſt, or Saturn's 
Period; 6 the next 1b or J upiter's 34 
the next, or Mars's; 4 the next, 2 
the Earth's; e the next, or Venus's 3 
and F the ſhorteſt period of all, which 
is Mercury's; and let p, gp, rob, Srqps 
&c. be equal to the difference or time 
between the ſucceeding conjunctions of 
any two, three, four, &c. of * 

is 
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"Tis evident that 9, , s (the multiples) 
muſt be whole numbers, becauſe the 
numbers of conjunctions are ſo. 
of the firſt wo. is 2, p; that of the 
firſt three is , = (where # is 
any number aſſumed, to make 9 a 
whole number) or, which is the fame, 
; being reduced to its 
toweſt denommator, 7 will be equal to 
the numerator of that fraction. In 
tze fame manner, will be equal to 
| the numerator of the fraction A re- 
| duced to its loweſt denominator ;. 5s will 
equal to the numerator ' of the frac- 
tion , reduced to its loweſt de- 
nominator; and ſo on, from the ſlow- 
eſt to the quickeſt revolving bodies in 
the ſyſtem : by which means, the times 
of all their conjunctions may be found, 


s Tx , 
*, 
4 2 ' 
— 1 
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25 Problem 5 may : be lot 4 d; 5 * 
_ ar 5 ; 42 22755 


ae B, n the 
ar planets, beginning with Saturn, and 


ending with Mercury; and a, 3, 
d, e, f, be the ame of then fed 
tevolutions re Pben, by a 
known rule, the 9 iin peribdy or 
conjunction, of 4 — il be the 
een 223 and that of Brand G withibe 
; that of C and Diwill be ; that | 

85 FD and E will bez 3] agg chat of 'E 
and F will be . ASL * 
Noy it is obvious, that and B can 
never be in conjunction but in the firge - 
2, or ſome multiple of its neither can 
5 * C be in Cob unc but in the 
time , or ſome multiple 6f that time. 
A, B, and C, will therefore he i in con- 
junction when = == is equal to , Where 
m and, 2 repsefent two tegen numbers, 
prime to each other; which being e- 
oy 


[144] 
ſpectively multiplied into 2 and ,5* 


ſhall make the two produds. 95 
And theſe. two numbers; are eafily. « _ - 
covered; "for, as by ſuppoſition, n 


45 


equal to oy therefore, an. u : =, oP = 


Reduce thaefors, + — and = into in- 
tegers of the leaſt dimenſions: (as mi- 
nutes, or ſeconds of time) which ſhall 
Have the fame proportion to each other 
as theſe numbers have; and you will 
have the multiples 2 ind u, and con- 
ſequently the ſynodical period or con- 
junction ac B, and C; which we 
ſhall call R. In the Jamie manner may 
the ſynodical. period, of Go Dh. and 4 
be inveſtigated, which call S's then 
find two prime numbers” and 5 in their 
loweſt dimenſions, which ſhall haye the 
ſame proportion to each other as the 
times R and 5; then will 78, or its 
equal Sr, give the ſynodical p OED or 
conjunction of the five 8 4, B, 
C, D, and E, which characterize by 
7. Find laſtly, the ſynodical period 
of E and P, by the rule , => which de- 


dote * X; and the leaſt integer num- 
bers 


[45]. 


dess , *, in tlie ſame beer 


each other as 7 and I b 

A or N will ber the ſynodical «pero 
or conjunction of the ſix ptimary Pla- 

nets, H, B, C, D. E, E; o the: time 


that muſt elapſe between anyconjuncs - 


tion of them all, and — 
ing conjunction ;Whith: time, being 
divided! by the time ß the periodical 


revolution of each planet, ill ſhew 


how many. downer each planeti 8 

then made. $82: E E 
There are eee eh, of fading the 
abofecinidnicaidd? prime integer numbers 
or multipliers; but eine is rely 


| convenient and eaſy. 14 2231127 os 1 
Let and i be two of the. fractions. 


Multiply the denominator of the firſt 


into the numerator of the ſecond; and 
vice verſd; then ſtrike out both the 
denominators, by which „Tren the 
above fractions become ad and b; 
which numbers are in ors farts. pro- 
portion as the fractions; and, if they 
are prime to each other, are the num- 
here” required. But if they are not 
s Prime, 
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prime, divide them by their greateſt 
common diwiſor, in order to reduce 
them to their loweſſ denomi nation: 


= The reaſon why theſe numbers muſt 


be prime integers, 2 Plains for, if they 
were not ſo, we fhalild not have the 
Jynodictiperiod required, but ſome mul 
tiple of it: and if they Were not inte- 
gert, wir ſhonld net have exact multi- 
ole. of the lower ſynodic periods from 
wwhichrwie: deduce abe h. ryctüttt wor! 

'To facilitate calculations er may 
* made on theſe principles, I ſhall 
ſubjoin the following Table, which ſhews 


tho annual periods of the primaty pla- 


nets, reduced to hours; and their 1y- 
nodical „ taken two by two pro- 
Nreſſively. But although the ſynodical 
periods of the planets, taken two by 
4wo, is ſo ſbort, it muſt not be imagi- 
ned that the ſynodical periods of three 
= muſt be proportionably ſo too. 
The ſynodic period of the Earth and 
Venus (by the Table) is 1 year, 218 
days, 17 hours; and that of Venus 
and Mercury is 144 days, 12 (owe: 

; ut 
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but the ſynodical period: of theſe three 
planets is upwards of 5500 years. 
If rhe periods of three planets. be ſo 
f incommenſurate,. how much more ſo 
muſt be the periods of the ſix revelving 
primaries 885 our ſyſtem? Indeed 54 
here cannot but oe and_ admire the. 
wiſdom and providence of the Surzems 
Bzinc! For, had the times of the an- 
nual revolutions of the ſeveral - planets 
been more commenſurate, the preſent 
arrangement of our ſyſtem would doubt- 
leſs have been greatly diſturbed by the 
confpiring attraction of the fs — 
when they happened to be i in conjunc- 
tion; an arrangement, Which, fro 
the goodneſs of the Almighty, we mu ul 
conclude to be, in its preſent ſtate, the 


beſt adapted to anſwer tlie A fog 
which the ſyſtem was 2. * 


Names of Their periodical revolutionnss 


the Planets.— reduced to hours, . 
Saturn « 2 bd 288225. — ts, Me 
Jopiter—— 183% = #7241 
Mars inns 1: 16487 | Ang «bog wo 
Ven. be?" G 
Venus aach O17] 


AF $93 : 4 N. A * r 
Mercury F 1) Ann ö 111 nn 
. 
| F 
Their 


_ 5 
r n P a —_— 
DE TRE IS * = 4 — . 


+ os l 


TI n 7E > 4m uo nt i 
— ok — _ 2 Wee 4 — . < by " 
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| Their - Fpdiepriods, or f Up wich W 


39 other. GY 


40 aTy'1 6 pt 5 998 [4 
Saturn andy r. . . gs F 
Jupiter J 19 42 25 10%=2174076=:2 


Mars 


Mars and! 
the Earth 


1 A x 396 4 4 2 
# xp £2 : "4% ES v7 £4 x8 + 4 
# 4 4 . 4 3 4 4 1 A * : ge % A — „ 1 * £ & 7 

ö * 
— 1 * 

Ml — "IF... 5, > # k 1 * < a 8 4% q 
+> x 3 — 4 

17 2 49 102 18718 

- * 


„ 100 cen 
Earth and], 75 


is 218 17== 1401522 f 
Venus om” An 


==, 9 0442S, Za e e, 
K I Fi pr ro he uſe of. this Table, 

let it be required to find the c ynodical 
eriod; or conjunction of the, tk. 

3 and Mercury. 

That of the Earth and __ 1401 5 


* g ; ! . - of * 7 : 


$7 


hours, = and that of Venus and 


Maroury is 3468 hours, =; 9 0 


Therefore, from / what has been al- 
* laid. down (ſee pag. 143) the ſy- 
nodical period of the three planets 
will be when mx 1401 5 is equal to 
1X 3468; or when n: :: 3468: 140153 
mn and 7: being the leaſt integer numbers 
in the proportion of 3468 to 14015. 
dat theſe numbers" ing — . 
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in their loweſt terms already, they 
require no reduction. Therefore, 
3468 x 14015 give the ſynodical pe- 
riod of the three planets, = = 48604020 
hours; = 5544 years, 221 days, 12 
hours. The reader may proceed to find 
out the ſynodic periods or conjunctions of 
the reſt, according to the foregoing rules. 

T he following problem is of the 
ſame nature with this; but, as it is more 
familiar and obvious, it may better ſerve 
to confirm the truth of the method we 

have uſed to inveſtigate the ſynodical 
period of bodies revolving the ſame way, 
but in different times, about the ſame 
common center. 


3 RAE 
Suppoſe the hour, minute, and ſecond- hands 
of a Clock to be in conjunclion at the 
Hour of XII. It is required 10 nd 
when hey will be ins conjunttion "om 4 


Here we have the periodical revo- 
| lution, of the hour had 720 minutes, 
San the periodical revolution of the 

| | minute- 
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| L minute- hand 2 60 minutes, =4; and 
that of the ſecond- hand g 1 minute, 
4 c: from © whence we collect 22, 
f == min. => = = min, for the 9550 8 
= dical period or e & of the hour 


and minute hands; and — = for the 


ſynodical period of the ke ag E 5 

cond hands. Then, to find the * 5 
dical period of all the three hands, 
muſt (as in the above Problem) 3 


===; from whence we have 


mn . Now, the leaſt integer 
numbers, repreſented . 0 mn and n, in 
the proportion of = to 2 are rx and 


708. Therefore ne 1 81 E and | 
conſequently LIN 705 x 80 = the 


ſynodical period of the three hands of 
= Clock; = 720 minutes, or juſt 12 
hours. 1 e 
The periodical revolutions of the Sun 
and Moon, round the Ecliptic, and 
their fynodical periods or 9 
with each other, may be famiiarly re- 
preſented ” the motions of the me 
an 
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and minute banc, of a gh. round 
its Dial-plate. 


divided into 1 A; A nt a8 8 Eelipte 


is divided into 12 ſigns; the heurhand 
goes round in 12 hours, as the Sun 


does in 12 months, and the minute 
hand goes round in 1 hour, as the Moon 
does ia (ſomewhat leſs than) a month. 
And, as the Moon never is in conjung- 
tion with the Sun in that point of the 
Ecliptic where ſhe. was at the laſt con- 
junction before, ſo the minute hand 
never is in conjunction with the hour- 
hand at that point of the Dial - plate 
where it was at the laſt preceding con- 
junction. So that, the 12 hours on the 
Dial-plate may repreſent the 12 ſigns 

of the Ecliptic; the hour-hand the Sun, 
and the minute-hand the Moon: only, 
the motion of the minute-hand is too 
ſlow for the Moon in proportion to 

that of the hour- hand compared with - 

the motion of the Sun. For, in the 
time of the Sun's going round the 
Ecliptic, which is 12 calendar months, 

chere are 12.36 conjunctions of the 


Sun 
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Sun and Moon ; but in the time the 
| hour-hand goes round the Dial-plate, 
the minute-hand is only 11 times con- 
Nane with it. 3010 
Theſe hands: are always i in RR 
at XII "o'clock. The firſt column of 
the Table ſhews the number of their 
conjunctions in 1 2 hours, and the col- 
lateral lines ſhew in how many hours, 
minutes &c. after XII, they come to 
their ſucceeding conjundtions marked 
in the firſt column; the time between 
any conjunction and n next ide 
1 un 5 miuutes. [ +803 36 . DOS 
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| Hou, m. 11 111 Iv y VI VII VII IX X 


1 4 27 16 21 40 5 27 16 21 49 * 
I 10 54 32 43,38, 19 54 32 43 387 
III 16 21 49 5 27 16 21 49 5 75 
IIII 21 49 5 27 16 21 49 5 27 16% 
F-71624 49 5.27 16 21 49 47 | 
| VI 32 43 38 10 54 32 43 38 10 54x 
| VIL 38 10 54 32 43 38 10 54 32 437 
VHHI.43 38 10.54 32/43 38 1 54 3% 
as 49 527, 16.21 49 $'27:10 21 


54 32 43.38 10 54 32 43 38 16%. 
EAR 705i 0 of, 6 & 04 N 


If the above proceſs was carried on to infinity, in the horizontal 
3 lines, the numbers would circulate at every fifth column. T 
| 0 
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To aſſiſt the imagination in forming 
an idea of the vaſt diſtances of the pla- 
nets from the Sun, let us ſuppoſe, ace" 
a body projected from the Sun, ſhould 
continue to fly with the ſwiftneſs of a 
cannon ball, vis. 480 miles every hour; 
this body would reach the orbit of 
Mercury in 8 Julian years, 276 days; 
of Venus, in 16 years, 136 days; of the 
Earth, in 22 years, 226 days; of Mars, 
in 34 years, 170 days; of Jupiter, in 
117 years, 234 days; and the orbit of 
Saturn, in 215 years and 286 days. 
If the reader ſhould think this idea 
too extenſive (notwithſtanding its being 
a juſt one) he may contract it in the 
following manner, which takes in both 


the proportional bulks and diſtances of 
the Sun and Planets. 


The Dome of St. Paul's is 145 * 
in diameter. Suppoſe a globe of this 
ſize to repreſent the Sun : then, a globe 
of 9 inches will repreſent Mercury; 
one of 17 inches, Venus; one of 18 
inches, the Earth; one of 5 inches di- 
ameter, the Moon (whoſe diſtance from 
M$ 5 then 
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the Earth is 240000 miles) one of 10 
inches, Mars; one of 1 5 feet, Jupiter; z 
and one of 11 + feet, Saturn, with his ring 
four feet broad, and at the ſame diſtance 
from his body, all around. ; 
In this proportion, ſuppoſe the gun 
to be at St. Paul's; then Mercury might 
be at the Tower of London; Venus 
at St. James's Palace; the Earth at 

Mary bone; Mars at Kenſington; Ju- 
piter at Hampton-Court, and Saturn at 
Cliefden: all moving round the Cupola 

of St. Paul's as their common center. 


* 


Ti repreſent the Motions of Ju iter 8 „ far 
Satellites round Jupiter, in a clock; 


and ſhew the times of their Ecli we in 
Jupiter's s ſhadow. 


On four hollow arbors, let there be 
four bent wires of different lengths, to 
carry. the Satellites round Jupiter, as 


the arbors are turned round within one 


another; and let Jupiter be fixed on 

the top of a ſolid axis or ſpindle, on 

which all the arbors are turned round; 
the + 
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the wires being ſo bent, as that the 
Satellites, on their tops, may be of the 
ſame height with Jupiter's ball. The 
diameters of the Satellites ſhould not be 
above a fixth or ſeventh. part of the 
diameter of Jupiter; and, to be at 
their proper diſtances om him, the 
diſtance of the neareſt Satellite ſhould 
be 5+ ſemidiameters of Jupiter from 
his center; the ſecond Satellite, g9 fe- 
midiameters of Jupirer diſtant- from his 
center; the third 144 ſemidiameters; 
and the fourth, 257 * his nen 
ters from his center. 
Let four wheels of different ſizes, 
and different numbers of teeth, be fixed 
upon the lower end of the abovemen- 
tioned arbors, in a conical manner, as 
deſcribed in the former machine (ag 
120); the wheel on the ſmalleſt arbor, 
that carries the firſt Satellite, having 22 
teeth; the wheel on the next arbor, 
that carries the ſecond Satellite, 33 
teeth; the next bigger wheel, on the 
9 that carries the third Satellite, 
4 3 teeth; and the largeſt wheel of all, 
X 2 on 


* 
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on the arbor that —_ the fourth (or 
outermoſt Satellite), 67 : the ' biggeſt 
wheel being the 2 and the 
ſmalleſt the lowermoſt. 
Theſe four wheels muſt be e. 17 
other four, all fixt on a ſolid axis, in an 
| inverted conical -manner, with reſpect 
to the former wheels on the hollow 
arbors; and then, all the four on the 
ſolid axis will be turned round: in one 
and the ſame time. 
The ſmalleſt Wheel (or enen 
one) on this axis, muſt have 28 teeth; 
and turn the wheel of 67 teeth, which 
carries the fourth Satellite. 
The next wheel on the axis muſt 
have 42 teeth; and turn the wheel of 
43 teeth, which. carries the third Sa- 
enn 
The next TR wheel e on 
the axis, muſt have 65 teeth; and 
turn the wheel of 33 teeth, which car- 
ies the ſecond Satellite... . 
” The lowermoſt, and bi 1 wheel 
on the axis, muſt have 87 teeth; and 


— 
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turn the best of 2 27 which carries 
the ft Gate. Ther! 
If the clock turns the folid axis with 
all its wheeels round in 7 days, the firſt 
Satellite will be carried round Jupiter 
in 1 day, 18 hours, 28 minutes, 57 
ſeconds; the ſecond Satellite; in 3 days, 
13 Röhre 17 minutes, 46 ſeconds; the 
third, in 7 days, 3 hours, 59 minutes, 
54 ſends; ; and the fourth Satellite in 
16 days, 18 hours, o minutes, o ſeconds; ; 
which agrees ſo nearly with their re- 
volutions in the heavens, as not to _ ; 
ſenſibly," in a long time, from them. 
And then, if a piece of black wood 
be turned, a little conical in its ſhape 
having its thickeſt end as broad as thi 
diameter of Jupiter Is long, and be 
made hollow to fix on the back of Ju- 
piter, and have notches cut in it for 
the Satellites to pals through: it wilt 
repreſent Jupiter” s ſhadow; and when 
the Satellites are in'the notches, it will 
ſhew them to be eclipſed. NAR 
The times of the immerſions of the 
Satellites of Jupiter into his ſhadow, 
or 
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or of their emerſions from it, may be 
had from V hites Ephemeris every year; 
and if the Satellites are once put juſt 
entering into the notches for the im- 
merſions, or juſt leaving i it for the emer- 
ſions, at the proper times: by the clock; 
they will keep right to the times thereof 
for more than a year · afterward, without 
needing any new adjuſtment. And, 
1 in order that they may be ſo ſet, without 
affecting the wheels that move them, 
their wires ſhould be fixed into round 
collars, which go moderately tight on 
the tops of the 5 hollow arbors, ſo 
as they may be 2 about Jupiter 
by the tightneſs of the collars; and yet 
at any time may be moved, wh ſet 
right by hand. 
all "ths numbers of teeth in the 
wheels are here copied from Mr. Ro- 
mer's Satellite inſtrument, except thoſe 
for the ſecond Satellite ; ; where Mr. 
Romer has a wheel of 6 teeth, turning 
a wheel of 32: inſtead of a I make 
a wheel of 65 turn a wheel of 33, which 
comes much nearer the truth, | 


About 


[ 0 : : 
£* 43 I BD ; 


About 16 years ago, I made one of 
theſe inſtruments, to be turned with a 


winch by hand: It had a Dial-plate 


divided into the months and days of 
the year, within which was a circle di- 


vided into twice twelve hours. On this 
Plate there were two indexes, one of 
which was moved round, over all the 
365 days of the annual eile, in 365 
turns of the winch: and the other 
index was moved round, over all the 
24 hours, in one turn of the winch; 

by which means I could, in a very 
ſhort time, ſhew at what times of the 
days the Satellites would be eclipſed, 
throughout the whole year. And, after 
having the above numbers for the mo- 
tions of the Satellites, any Clock-maker! 
may eaſily conſtruct a machine of this 


ſort; by which, the times of the Im- 


merſions or Emenkans: of the Satellites 
may be known before- hand, in order to 
be prepared for n chem in che 
heavens. | | ; tur 
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He ow to 0 an Goa for en 
the annual revolutions of Mercury, 
Venus, and the Earth, round the Stn, 
in their proper periodical times; the 
Moons motion round the Earth, and 
round her own axis, with all Fog 41. 
ferent Phaſes : ths motions of the, Sun, 
Venus, and the Earth, round their 
 reſpeftive axes ; the % of Sea- 

» ſons; the retrogade motion of the nodes 
of the Moon's Orbit; with the times 
e all the New and Full Moons, and 
of all the Solar and Laa Eclipſe. of; 
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N * of 6.12 inches, FO 
74 teeth, be fixed on the axis of the 
handle or winch, and turn a wheel of 
1.80 inches diameter, having 32 teeth, 
which turns a wheel of 73 * whoſe 

diameter is '6.11 inches; and, on the 
axis of this laſt wheel let chere be one 
| of 32 teeth, of 1. 80 inches diameter, 
| turning a wheel of 162 teeth, whoſe 
diameter is 8.97 inches; and that 
wheel to turn two wheels of 32 teeth 
each, 
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each, and diameter . 80 inches. One 
of theſe laſt wheels of 32 to have a 
ſmall wheel of 16 teeth on the top of 
its axis, turning another of the ſame 
number and ſize, and that one to turn 
ſuch another, on the top of whoſe axis 
(inclining 23; degrees) is the Earth, 
which turns round in the ſame time as 
the winch; each turn anſwering to 
24 hours. The Earth is covered half 
over with a black cap, and turns freely 
round within the cap, whoſe edge re- 
preſents the boundary of light and 
darkneſs, and ſhews the wir. of the 
[apparent] riſing and ' ſettings of the 
Sun, as the different places of the Earth 
emerge from below wy or go in udn 
it. 

The he Ghee of 32 ae (raid 
by the foreſaid wheel of 160) has an 
index on its axis, which goes round a 
Dial-plate of 24 hours, in the time the 
Earth turns round its axis. The ſame 
wheel of 32 turns one of 64 teeth, 


whoſe diameter is 3.60 inches, anxd 


turns a wheel of 30 teeth, 1.6 inches 
; "MW 1 9 diameter; 
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the time of a Lunation; and 


en a ſocket, among 
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"0 INK and on the axis of this EO" y 


is a ſingle threaded ſcrew, turning a 


wheel of 63 teeth, whoſe diameter is 3 
inches, and turns a wheel of 24 teeth, 
1.23 inches diameter, which turns a 
wheel of 63 teeth, 3 inches diameter; 
which laſt wheel carries the Moon round 
her orbit in 27 days, 7 hours, 43 mi- 
nutes, and from change to change, in 
29 days, 12 hours, 45 minutes. The 
un wheel of 63 teeth has an index on 
the top of its axis, which goes round 
a circle divided into 293 2 parts in 


ſhews the 
Moon's age every day. 

A ſmall wheel of 20 teeth is fixed 
the other work, 
below the Zarth; and by the bar chat 
carries the Moon, a wheel hanging on 
the bar, of 20 teeth, turns another of 
the fame number and ſize, on whoſe 
hollow axis is the Moon's black cap, 
which always faces the Sun, and ſhews - 
the Moon's phaſes, as ſhe turns round 


her axis, which is * the hollow 
axis of her cap. 


On 


LI 


On the axis of the winch is a pin 


ion 
of 8 leaves, turning a wheel of 25 teeth, 
which turns another of the ſame num- 
ber, on | whoſe: axis is a pinion of 7 
leaves, = parts of an inch in diameter, 


which turns a wheel of 69 teeth, whoſe 
diameter is 4.12 inches, and hs a pi- 
nion of 7 leaves on its axis, turning a 
wheel of 83 teeth, which is fixed to a 
frame that * ſeveral of the above 
mentioned wheels within it, and carries 
the Earth round the Sun in 365 dàys, 5 
hours, 48 minutes, 5% ſeconds-. Te 
diameter of the wheel? of bg) teeth is 
8 I 2 inches. a 2086208 
On the ads: of the laſt ended 
wheel of 69 teeth, is à pinion of 10 
leaves, turning a Wheel of 73 teeth, 
whoſe diameter is 5.82 inches, ant is 
fixed to a frame in Wich are ſeveral 
other wheels (to be deſcribed by an by) 
and carries Venus round the Sun in 
- by days, 17 hours. ITSELF 
On the axis of the foreliid hind: of. 
69 teeth is a wheel of 58, whoſe" dia- 
meter is 3.68 inches, and turns a wheel 
SA = 
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of 64 teeth, whoſe diameter is 2.3 in- 
1 and on the top of whoſe axis the 
Sun is placed; the axis inclining 7: de- 
gtees, and the Sun ere round ** 
an in 26 days, 6 hours. x 
Isa the center of the 1 * 
4 an Sun, there are three wheels fixed 
on the ſtem, round which the whole 
work moves; the ſtem itſelf being 
fixed into the bottom of the box which | 
contains the work. The lowermoſt of 
theſe three wheels is 2.95 inches in 
diameter, and contains 50 teeth, which 
take into the teeth of another wheel, of 
the ſame number and ſize, and this laſt 
wheel takes into the teeth of another of 
the ſame number and ſize, for keeping 
the paralleliſm of the Earth's axis in its 
whole courſe round the Sun; on which 
paralleliſm, the whole e of the Sea. 
= depend. 
On = axis rar the middlemoſt of 
theſe three wheels of 150; teeth is a 
wheel of 59, (a little bigger than the 
wheel of 50) which takes into a wheel 
of 56 teeth (of a ſomewhat ſmaller = 
| | an 
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and this wheel of 56 moves the 1 fodes 
.of the Moon's ary backward, 'throug 
all the ſigns and degrees of che 22 8 
in 184 years. 1 . 
Above the fixed bel Fr hy rhidat 
; Gains of 50 teeth, is a fixed wheel of 
74, whoſe diamerey i is 6.12 inches, atid 
takes into a pinion of 8 leaves, on the 
tap of whoſe axis is a ſmall wheel of 16 
teeth, turning another of che fame num- 
ber and ſize, and that turning another of 
the ſame numbe rand ſize alſo, on whoſe 
axis, inclining 75 degrees, Venus is turn 
ed round in 24 days, 8 hours; which is 
her diurnal period, according | to Bian- 
chiui s obſervations. 
Above the faid wheel 6 74 wit 
pry fixed on the ſame ſtem, is a whied 
of 28, whoſe diameter is 1.74 inches; 
this wheel takes into the teeth of 'ano- 
ther of the ſame number and fize, 
which takes into a third of the ſame 
vunkbet and fize alſo; and this third 
wheel keeps the parallel of Venus's 


axis TY e her OY gon es period 
round the Sun.. £44. 398 


"1 


On 
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mY the axis of the eniddlenioft: of 
"thele three wheels of 28 teeth is ano- 
ther of the ſame number and ſize, 
which turns a wheel of 18 teeth, whoſe 
diameter is 4,12 inches, and kick turns 
1 another of the ſame number and ſize, 
which carries Mercury round the San 
in 87 days, 23 hours. 
1 Any perſon. who is not ee 
o the making of Orreries may perhaps 
41 apt to think, that all the abovemen- 
tioned, motions. might be performed by 
fewer. wheels; and an expert Clock- 
maker, by computing the periodi- 
cal times of. the planets revolutions 
from the numbers of teeth in theſe 
wheels, might pronounce. them to be 
very inaccurate. But it ought to be 
conſidered, that there is a very great 
difference between the rotations of wheels 
winch always keep in the ſame places, 
and of thoſe - > ag not only turn 
round, but are alſo carried round others, 
cominnally changing their places and 
Politions. As I wanted an Orrery more 
* in the annual periods of the pla- 


nets, 
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nets, and motion of the Moon round 
her orbit, than any one J have yet ſeen ; 
the common Orreries being more adapt- 
ed for reading public lectures upon; 
where it is ſufficient to ſhew and explain 
the general phenomena; the makers 


generally content themſelves with ha- 
ving ſuch. numbers as will carry the 


Earth round the Sun in 365 of its di- 
urnal rotations, the Moon round from 
change to change in 294 days, and her 
nodes round the Ecliptic in 19 years; 
J have taken the pains to calculate the 
abovementioned numbers, which ate far 
more exact; and got a good workman 


to make an Orrery under my inſpection, 
in which the diameters of the wheels, 


and their numbers of teeth are exactly 
deſcribed; and which I now give freely 


to thoſe 'who'chooſs t6 work by them. 
The man who made this Orrery had 
neyer made any thing of the kind be- 

fore, and he is now e An inge- 
nious and worrthy lady has it now in 

her poſſeſſion, whoſe father was one of | 
my — and beſt friends i in London. 


Another 
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ot r years ago, I a1 4 
large wooden Orrery, for ſhewing only 
the motions of the Earth and Moon, 
with the retrograde motions of her nodes, 
and the phenomena ariſing from all 
their motions. The Earth had not its 
diurnal and annual motions- carried on 
by means of a winch, but by hand; 
and as the Earth was med round the 
Sun, the Moon was carried round the 
Earth in her orbit, and her nodes had 
their retrograde motions. As there is 
ſomething very particular and ſimple in 
the conſtruction of this machine; and 
as the Moon's motion in it will not vary 
above one degree from the truth in 304. 
years; and as it anſwers as well in Leap 
years as in common years and has only 
ſeven wheels and one pinion in it; 1 
ſhall here mention its uſe, but muſt beg 
to be excuſed from deſeribing the po- 
ſition of its wheels, and their numbers 
of teeth, becauſe I intend to inſtruct my 


r ſion, 
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ſon, if both he and. 1 live till the pro- 


per time, how to make it for his — 
Fant Beſides, it would be very dif- 


ficult to make it intelligible by a de- 


ſcription, without ſeeing it; eſpecially 
as ſome of the wheels are not only di- 


vided into very uncommon numbers of 
teeth, but alſo that, in ſome of the 


wheels, equal numbers of teeth are con- 


tained in unequal ſpaces; for ſhewing 
the inequality of the Earth's annual mo- 
tion round the Sun, and of the Moon's 


motion round her orbit. It ſhews the 


following matters very readily. 


The lengths of days and nig hts at | 


all places of the Earth, and at all times 


of the year; with all the viciſſitudes of 


Seaſons. The Sun's place in the Eclip- 
tic on any given day of the year, and 
time of the day; with his Declination, 
Altitude, and Azimuth at any time; 
alſo his Amplitude, and the time of his 
riſing and ſetting. The time of the 
day, by the obſerved Altitude or Azi- 


muth of the Sun. The variation of the 


n in any place, whoſe latitude 1s 
| known, 
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known, by a fingle obſervation of the 
Sun's Altitude, taken at any time, either 
in the Forenoon or Afternoon. The 
Moon's periodical and ſynodical revo- 
lution, with her rotation on her axis, 
and different phaſes. The retrogade 
motion of her Nodes, and direct motion 
of her Apogee. Her mean Anomaly 
and elliptic Equation, by which her 
true place in her Orbit is very nearly 
found at any time. Her Latitude, De- 
clination, Altitude, and Azimuth, at 
any time when ſhe is above the hori- 
zon. Her Amplitude, and the time of 
her riſing and ſetting, however affected 
by her Latitude. The times of all the 
New and Full Moons, and of all the 
Solar and Lunar Eclipſes, within the 
limits of 6000 years before or after the 
Chriſtian Era; with an eaſy method 
of rectifying the Machine, in leſs than 
two minutes of time, for the beginning 
of any given year within theſe limits: 
and when it is once rectified, it will 
keep right for 304 years either back- 
wards or forwards; at the end of which 
5 time, 
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time, the Moon muſt be ſet one degree 
forward in her orbit. The ſmall dif- 
ference in the time of the Moon's ri- 
ſing, in Harveſt, throughout the week 
in which ſhe is Full; and the great dif- 
ference in the time of her ſetting during 
that week. The Receſſion of the Equi- 
noctial points, in the Ecliptic. The 
Phenomena of the Tides, and the cauſes 
of many apparent irregularities in their 
heights, and times of ebbing and 
flowing. 


The Mechanical Parades. 
This i is a ſmall kind of Orrery, which 


I contrived and made about fifteen years 
ago. It has only five wheels, and ſhews 
the Seaſons, the retrograde motion of the 
Moon's Nodes, and the mean times of 
Eclipſes of the Sun and Moon. I gave 
it the above name, becauſe there is one 
wheel in it as thick as three of the 
others; and that wheel takes fairly and 
equally deep into the teeth of theſe three 
other wheels (which are quite indepen- 
2 2 dent 
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dent of, and unconnected with, each o- 


| ther); ; and yet, the thick wheel affects the 


three N in ſuch a manner, and at 
the ſame time, as to turn the uppermoſt 
of them forward, the middlemoſt back - 
ward, and the lowermoſt no way at all. 
For a Copper- plate of this machine, 
with a printed deſcription in which the 
paradox is ſolved, I refer the reader to 
a Shilling Pamphlet, ſold at Mr. Cadell's 
Shop, oppoſite Catherine 'Street in the 
Strand, ft +. 


A ſhor t account of the 871 Mi 7 Dot | 


In theſe Mills are 26586 wheels, and 
97746 movements, continually. working 
except on Sundays. This grand ma- 
chine is diſpoſed in four ſtories of large 
rooms above one another; and the 
whole is actuated by one great Water- | 
wheel, which goes round three times 
in a minute. In each time of its going 
round, 73728 yards of Silk are twiſted : 
ſo 1888 in 24 hours, 318 504960 yards 


are 


L 1731 


are twiſted. The Water win 18 kept 
conſtantly goi ng; but on Sundays it 4 - 
diſengaged from all the reſt of the work. 
Any part of theſe moyements may be 
ſtopt without the leaſt EO or in- 
terruption 1 to the reſt. | 


\ 


Wondrous. Mas * Thy curious Fabric ſhews 

How far the power of human wiſdom goes! 

Where many thouſand movements all attend 

Upon a WHEEL, and on THAT: Cauſe depend. | 

Sceptic, advance] propoſe thy ſcheme of wit, 

That faith to reaſon always muſt ſubmit. 
Waence learn'd theſe movements to obey command ? 
Who taught them how to roll, and when to ſtand ? 
Was it by chance this curious fabric came? 

Or did ſome thought precede, and rule the Frame?- - 
Worthy the Mortal, on whoſe Soul, confeſt, | 


His GREAT CA EATOA's Image ſtands impreſt Dc 


Now turn from Earth to Heaven thy doubting os, 
And read th? amazing Glories of the Skies | 
Worlds without number roll in different Spheres, 
Keep to their Seaſons, and complete their years. 
Five thoufand circuits, made with equal force, 
The Earth has finiſſ d by its annnal Courſe. 2255 
The Sun diſpenſes beams of genial Light, 1 
And lends his rays to cheer the gloomy night. 
BruyzxDoVs PowER and Trovenr | { "Enquire. * 
"oO: 
Own the IE MOYER 3 and, convince d, ADORE. 
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Rule [FE 5 290 the correſponding nears. 
: of the Julian Period with the years of 
the world, and years before and fince 
.: the birth: of Cuxisr; fuppoſmg ( with 
Mr. Bedford, in his Scripture Chro- 
nology) that the Creation of the World 
was in the 706th year of the Julian 
Period; and that he birth of CurrsT 
s ( according to the vulgar ra 


thereof in the 471 3th . of the 
N. _— 


(2 


4 


From any given year of the Tokag, 
period ſubtract 706, and the remainder 
will be the years of the world's age. 
If the number of the given year of 
the Julian period be leſs than 4713, 
ſubtract it from 4713; and the remain- 
der will be the number of years before 
the year of Chriſt's birtn. 

If the given year of- the Julian pe- 
riod is greater than 3967, ſubtract 3967 
from it; and the remainder will be the 
number of years after the famous ra 


of N — 
Subtract 
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Subtract 1 from any given year of 
the Julian period, and divide the re- 
mainder by 45 if nothing remains, the 
given year is a Leap. year: but if 1, 2, 
or 3 remains, it is the firſt, ſecond, or 
third year after Leap-year, in the Old 
Stile. 

If any year before the year * Chriſt's 3 
birth be given, ſubtract its number from 
4713, and the remainder will be the 
year of the Julian period. And if you 

ſubtract the ſaid given year from 400% 
the remainder will be che Veart of the 
world's age. | 

If any year after the year of Chriſt S 
birth be given, add 4713 to it, and the 
ſum will be the year 0 the Julian pe- 
riod; or if you add 4007 to it, the 
ſum will be che years ; of the world' 8 
eng 
If any year of the world 8 age is 
given, add 706 to it, and the ſum will 
be the year of the Julian period. If 
the given year of the world be leſs 
than 4007, ſubtract it from 400%; 


and the remainder will be the number 
2 e of 
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 » Gomorrah | 2816 | 2110 | 
6. The kingdom of Ale. founded: If | 
bx Ceerops , — 3157 | 2451 
7. Moſes — the ten Commaiid- „ 
ments from Gos — | 3222 | 2516 
8. The [/raclites enter Canaan | 3262 | 2556 
9+ The deſtruction of Troy 3529 | 2823 
10. The * of ing { David's th 
reign 3650 | 2944 |. 
11. The Sunding 7 daher, 6 
Temple — ' 3701 | 2995 | 1012 | 
1. | EI Expedition | 3776 | 3070 | 937 
13. Lycurgus formed his excellent | ee 2s 
Laws | 3829 | 3103 | 884 
14. Arbaces, firkt ki king of the he Med: „„ 1 +3133 | BJs 
15. Mandaucus, the ſeconßd 1 3865 | 3159 | 848 
16. Saſarmus, the third — 3915 | 3029 798 
17. The beginning of the Greek |. Pm Þþ 
Olympiads—— 3938 | 3232 | 775 


18. Artica, the fourth king of the S-. 


76 ] 

of years before the year of Chriſt's 
birth. But, if the given year of the 
world be more than 4007, ſubtract 4007 


from it; and the remainder will be the 


number of Fon after the year of 124 J 
. 


Gs 5 


4 Table 1 nene. A ras and Events. 


: 


Period. | Age. 
706 
2362 | 1656 | 2351 


] 


| Julian > 


2. The Flood — — =—_ 
3. The A4fjrian monarchy erage | 
by Nimrod — 2537 þ 1831 2176 
4. The birth nao — | 2714 | 2008. | 
S. The detention. of Bacher: ang | Th 


” 


A — | 3945 | 3239 | 768 


19. The Cotonie e of the build- 
| of Rome,  — — 
20. 1 e ra of N. 


21. The deſtruction o Samaria by 
Salm 


manęſer 
22. The firſt clipſe of the nedew ö 


on record 


23. Cardicea, the fifth king of the * 


Medes — — 
24. Phraortes, the ſixth  — 
25. Cyaxares, the ſeventh — 


26. The firſt Babloyni/ſh captivity * : 


Nebuchadnezzar 


27. The long war ended between the 
Medes and Lydians *— 


28. The ſecond Babylonifo captivity, 2 


and birth of Cyrys — 


29. The deſtruction of Salomon's. 
Temple — 


30. Nebuchadnezzar ſtruck with mad- | 


net! 
31. Daniel's viſion of the four mo- 
narchies == 


32. Cyrus he l 0 


33» The battle of Marathon 
34. Artaxerxes LR Nn to 


— 


reign” 
35, The beginnin of Daniel's. ſe- | 


venty weeks of years — 
$6: 5 begmaing « of the r 
7 war 
37. p men 5 vitory at driels 
38. His death —- 


39. The captivity of 100000 "2900 | 


by king Ptolemy 


40. The Col us of Rhoder thrown * 


down by an earthquake 


41. Antiochus defeated 9  Pholem y 


Philopayer — 
42. The famous Axcutuzpes mur- 
dered at Syracuſe _ 


43- Jaſon butchered the inhabitants 


of Teruſalem — 
M Corinth taken and plundered by ] 


by 


neat — 
Aa 
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a : | Julian World's Before 
* Fa =— Age. Chriſt. 
alt s . es ritain! „ 4659 f. 3953.Þ 54 
45 Ju correcs the calendar -- 2 396114 fy 
47. Is killed in t Senate houſe I 4671 3965. 42 
48. Herd made king of ThLvt / 4673 39% 40 
0 Tha battle at 1 — 4683 | 397% 30 
30. Aer 0 W e Habbos at 46 Bau ma ae 
1 4668 | 3982: 25 
51. Th — 1 Fe, of | C Cnauerteſ - 5 1 PO OR ET | 
bi | 141 4709-4} 40039 4 
25 The death of! — - | 4910 % ec 34þ 
. — eee ce 
2 18 71 Chriſt | 
33 The Dirgfen, or abe re of | F 
Cnkisr's birth 4713 400% Of 
845 Ho true: Lind of The Cruci- * G 
fxion e 4949 33 
55» The league ef Jaun 783 40% 70 
56. Adrian built the long; wall in 16 Ha 6-150 le 
| Britain 4833 4127120 
57. Conflantius \ Feed de. ws | B 
Britain: 5019 | 4313. 306 
58. The edel of 7 Vice — 38 | 4532+] 725 
5% 4 6D of: Conffantine the | v: ER Ty 
t. a | OcCO I: 41 337 
60. ef invited i into 5 5150 wor | — | 
61. The Ara Han Heis, ene * i | 
' , Mohamed  — 5335 ]. 4629 663 
bs. ne 5343 4637 630 
63. The Perfian Neſaegir —.. 4344 | © 4638+]: 631 
64. The art of Printing diſcovered J 6153 5447 | 1440 
65. The Reformation — m 8 N 
Maꝛntin Luther - 6230 [ 55241517 
66. Oliver Cromwell died — 6371 2165 8 
67. Sir Isaac Newrox. born at. | 5 
Moolſtrope ĩn Linculyſpire, Decem-.|. |: TON | 
| 125 — 63551 5649 1642 
. 77 0 College in in hy 5 | 5049 * F 
Bridge 0 6373 56671660 
— "I elected Fellow of that Col-| 2 0 1 
OS * E | corel i * hwy 6380 67 1 7 
. the Fluxions — 6382 | 4 1665 | 
HOO ye Profeſſor of Mathematics, | wid of . 
in che room of Dr. Berrow 6382 | 5676 | 1669 
—— publiſhed his Principig ' — 6400 |: 5684 1687 
= exeſted himſtif for Religion © . | 6404 J. 8665 J. 1686 
— made 


In this Table, the years both before ard$\ſinke cuxler are 
reckoned excluſive en the year of his birth. 
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Concerning the time of our Saviour 's 
entering upon his public miniſtry (which 
may be called the time of his appearance, 
becauſe, till then, he was not publicly 
known, fo as to be talked of), and alſo 

concerning the time of his death, there 
z a very remarkable propheſy in the 
5  IXth chapter of the book of Daniel, 
3 from the 24th verſe to the end; which 
is in our Engliſh Tranſlation as follows. 
1 Ver. 24. Seventy weeks are 3 2 
e whon thy people, and upon — 
| city, to finiſh the tranſgreſſion, and 4 
 amnake an end of fo ns, and to make recon- 
ciliation for iniquity, and to bring in ever- 


— 


i laſting righteouſneſs, and to ſeal up the 
l vifion and propheſy, and to anoint the 

| moſt holy. - 

| 2g. Know therefore and under fand, 


"that _ the going forth £ the 
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commune 10 reſtore and build . » 
ruſalem, unto the Meſſiab the prince, fhall © 
be. ſeven. weeks; and threeſeore and two 
weeks the Preet ſhall be built 8 . 
the wall, even in troublous times. =_ 
26, Aud after threeſcare' and. 1wo N 
bs. ſhall Meſſiab, be cut ,off, but noti for 
ople.of the Prince that 
ſoall come, ſhall deſtroy the city and the 
. ſanfuary,, and the. end. wack ſhall be 
with, a bod, and unto the end f the wan 


i mls and. the 8 


defolations are determined. 


27. Aud be ſeall confirm: the ö 
= many for: ons week ©. and in tbe miqſt 


of the. week he ſhall. cauſe: the- > "es 
and ablations 70 cegſe, and for the or * 
Spreading. of abomination he ſpall male 


it deſolate, even until the. Conſupimation, 
and thut determined ſhall «6 ee 1p 


the deſolate. ©1990 


ws Tr * 30111 


In the Hebrew, chad. are no.} ſtops 


56k <PMNCiNgs to any words or ſenten- 


C 3 and 1 40 the. above tranſlation, one 
4 2 of the 2 5th. verſe 18 moſt i in judici- 


* pointed with a ſemi-colon at — 7 
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weeks ; ; which ought to run thus, Joon 
weels 22 threeſtore and two We 


In the 24th verſe, what we have ren- 
Bred propheſy, is prophet in the original: 
and in ſome tranſlations, which I have 
| procured from thoſe who underſtand the 
Hebrew "very well, inftead of vin and 


+ rendered eo and wm 


8 1 ver, 2. Wee whe haven" r 

midftif the week, all the tranſlations 1 
have procured render it the ha, part 
y "the week, which may be taken either 
r che firſt or laſt half p part of it. 
In the ſame verſe; re we have it 
hi Be ſhall «confirm the covenant with 
muny for me weel; Tome tranſlations 
render it And in one week @ covenant 
all be tonfirmed with many. Now let 
the whole be put together agreeable to 
"this tranſlation, without dividing” it into 
different verſes (which is only of modern 
invention) but pointing it here and there 
"for the ſake w owes. 3 and it wal ren 
* OTE 


j 


rr 
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Seventy. weeks are determined upon tun 
| people ps thy. holy. city to fmiſh- By tranſ= 
— — to. mate an end of fins, and 
to make reconciliation for iniquity, and ta 


bring in _ everlaſting. righteowſneſs, and 
10 ſeal up. ibe viſrons and propbers 


„ and 
zo. andint the moſt holy . Know therefore, 
and underſland,, that from the: going. 
forth, of the, commandment” to reftare: and 
buildi Jeruſalem, unto the |. Meſſiah the 
prince, ſhall be ſeven- weeks: and threſcore 
aud tao. weeks: the ſtreet hall be-built 
again, and. the wall even- in + troublaus | 
times. Am after threeſcore ' and: tun 

weeks, ſhall Meſſiab be cut off,. bur not: for 
himſelf. (And the people of tbe prince 
that ſball come ſhall deſirey the city and 
ſancluary, and- the end: thereof ſball be ' 
with... a. floed.;, and. unto: the end of the 
war deſolations are determined). And in 
one Week. a covenant. ſhall: be confirmed 
with man % and in half part of the. week 
2 ./ aboliſh the and: offers 

Some tranflate\ this,'zbe holy: of holies, and Mr. 


| Fuer the very holy one, 


+ By moſt tranſlators, in the. ſtraitneſs of times. 
1 © HOO. 


ings . 


5 We @w ib PTS —— \ 
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— "ning "pp * 
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ings. Hind for the overſs ſpreading * of 


abominations hc ſhall make deſolate even 


unmto Conſuming; and that which is deter 
| mineaſpall be poured upon the deſolate. 


'Tis evident, that the firſt part of 
this propheſy relates to the coming of 


Chriſt; to his being put to death, ot 
for himſelf, but for the ſins of mankind, 


by which great ſacrifice he was to put 
an end to all other ſacrifices and of- 
ferings; to his introducing the righte- | 
ouſneſs of ages, and ſealing up (or putting 
an end to) propheſies. And that the 
latter part mentions the deſtruction of 
Jeruſalem, in a very emphatic and ik 


ing manner. | 


In the ſeventh chapter of how. we 
have an account of a very .ample and 
full commiſſiion (or * commandment) 
which was given by king Artaxerxes 


(who was called Artaxerxes Longimanus * 


to Ezra, to go up to Jeruſalem, in order 
to repair that city, and reſtore the ſtate 


of the Jews; and that Ezra took his 


EE 


Ming in the Hebrew. pas 
journey 
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an, the firſe:day. of; the: fert 


edit vie th e month Miſan 35 which 
began about the time of the vernal 


ml equi- 
nox. And on the 14th day of, that 
month (reckoned. from the. Now Moon, 
at which the month began) the paſſover 
was alw-ays kept; for Foſephus® ex — 
ſays, „ The paſſover was kept on the 
« 14thday of the month Miſan, according 
6 to the Moon, when the Sun was in 
&« Aries,” And the, Sun always enters 
the ſign Aries at the time of the vernal 
equin , 515 2 Wy 
This „ was ven; in the 
7th year of Artaxerxes's reign, and chat 
year (according to Prolamy's canon, the 
rectitude of which was ſcarce ever called 
in queſtion) was the 4.256th year of the 
Julian period; and from the vernal equi- 
nox in that year, we are to count the 
| above-mentioned ſeventy weeks to the 
death of Chriſt. For, as the accom- 
pliſnment of the —— muſt end with 
the expiation of ſin, e cannot ſuppoſe 
theſe weeks to end at any other time. 


Lib. i. cab. 1% 101 121 
Bb But, 


I 1861 
Bot, if we count many revolutions of 
70 common weeks, from the time of 
the Jewiſh paſſover i in the year of the 
Julian period 4.256, we ſhall find that 
no Meſſiah or Saviour did appear on 
the Earth within that ſpace of time : 
rior will theſe reckonings lead us from 
one Paſſover to another. And it is certain, 
from the four Goſpels, that Chriſt was 
crucified at the time of the Paſſover ; 
and St. John, chap. xviii. ver. 28. is fo 
particular, as to inform us that our Sa- 
viour was crucified on the very day that 
the Paſſover was to be eaten by the Jews, 
Who would not defile themſelves by 
mixing with the multitude early in the 
morning, at the time of his trial. 
From theſe circumſtances it is plain that 
theſe prophetic weeks mean ſomething 
very different from the weeks by which 
we commonly reckon. 8 
In the Old Teſtament, we read of 
weeks of years, as well as weeks of days. 
For, as every ſeventh day was to be a 
ſabbath for man, on which he was to 
relt from his labour; : ſo every ſeventh 
year 


1 57 


year was to be a ſabbath for the land, 
in which it was to reſt from tillag e. 
Let us therefore take theſe 70 . to 
be weeks of years, making 490 years 
in all; and 8 reckoning will lead us 
from . Paſſover in an year of the 
Julian period 4.2506, to the Paſſover in 
the year 4746, which was the 33d 
year of our Saviour's age, accounted 
from the vulgar æra of his birth. 1 
It is expreſsly foretold in this pro- 

pheſy, that from the time of the com- 
mandment's being given out to reſtore 
and build Jeruſalem, to the Meſſiah 
the prince, (or to the time of his appear- 
ing in his public character) there would 
be ſeven weeks and threeſcore and two 
weeks; or 69 weeks in all: the firſt 
ſeven of which, being the ſtraiteſt or 
ſhorteſt of the times, conſiſting of 49 

years, we may very well allot to the 
repairing of Jeruſalem; after which, 
there ſhould be threeſcore and two 
weeks, or 434 years, to the public ap- 
pearance of the Meſſiah: and then 
there remained only one week, or ſeven 


B b 2 years, 
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years, for the public miniſtry; which, 
I apprehend, is meant A confirming 
the covenant with many. 

But as ſome of the Tranſlatioea which 
I have procured, ſay, concerning that 
week, Aud in one week a<ovenant ſhall 
be confirmed with many; and all of them 
have it, and in half part of the week 
(which might be either the firſt or laſt 
half of it) us ſhall aboliſb the ſacrifices 
and Herings; it does not appear that 
the Meſſiah is brought in for the whole 
of the ſeventieth week, but only for one 
half of it, in enn (or eſtabliſhing) 
the new and everlaſting covenant of the 
Goſpel; by which, the righteouſneſs of 
ages, mentioned in the firſt verſe of 
the propheſy, ſeems to be plainly meant. 
And when we conſider, that CHRIS S 
| welken ger, John the Baptiſt, preached 
ſo los: before Chriſt took the public 
miniſtry upon himſelf, as that he ac- 
quired great fame in many countries 
around, which could not be done in a 
\ ſhort time, we may believe that the 


laſt verſe of the e allots the = 
hal 


I 
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half of the ſeventieth week (or three 
years and an half ) to the time 5 John . 


preaching; at the end of which time 
he baptized Chriſt, Who was then en- 


tering into the thirtieth - year of his age 
(according to St. Luke) and then Chriſt 
took his public miniſtry upon himſelf 
for the remaining half of the ſeventieth 
4 week ; at the end of which he was cut 
of by the wicked and ſelf. hardened 
Jews, and fo, put a virtual end to all 
their ſacrifices and offerin 8 which 
finally ended with the Na a: of their 
city, and temple about 37 years after. 
'So that, in the firſt place, taking the 
whole. of the propheſy togethet, as in 
257. and then dividing it into four 
different periods c or parts as above men- 
tioned; it will very naturally run thüs, 


From the time of Kane! receiving the com- 
man fin to repair Serafalens until the Weeks, ;Yoars. 
expiation of Sin by CRI ns — J 30 or. Ia. <0 
For the time of theſe repairs —=———— . 7 1 OPS ww” 
From the finiſhing of theſe repairs to e e 
coming of Cn 15 by his meſſenger abn. 62 or 434 
the Baptiſt 5 
From that time to the end of John's mini- to, .. 
ſtry, and the baptiſm of Curr 1 i 3z 
| From thence to the end of CHRIST's mini- } — 1 - 
ſtry, by his death on N Croſs 1 4 175 DET: a 


In att: 70 or 490 
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For a very full illuſtration of this 
Matter, J refer the reader to Dr. Pri- 
' "Geaui's Connexion of the hiſtories of 
the Old and New Teſtament. 
, The beginnin of theſe ſeventy weeks 
2 'of years being undd to be the year of 
e Julian period 4-256, at the time 
'&f the Jewiſh Paſſover, their ending muſt 
Have been at the Paſſover i in the year of 
34 the "Fol period 474.6, in the 33d 
7? ear after the ear of Chriſt's birth: 
and. conſequently, , according to this 
pro heſy, our Saviour was crucified in 
the 474 th year of the Julian p eriod. 
is plain from all the "Wit. Goſpels, 
that the Crucifixion Was on a Friday; : 
becauſe it was on the day next before 
the Jewiſh: Sabbath ; and, as aboye men- 
tioned, on the day the Paſſover was to 
be eaten (at leaſt) by many of the Jews. 
The Jewiſh year conſiſted of twelve 
months; as meaſured by the Moon, which 
contains 3 34 days; to which they either 
added 11 days every year, in order to 
make their years keep pace with the 
— L courſe of 36 5 * or 30 _ in 
t rec 
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three years. So that, although | heir 
months were Lunar, their years were 
Solar. And they always. celebrated the 
Paſſoyer on the fourteenth day of the 
firſt Lunar month, reckoning from the 
fsrſt time of their ſeeing the Ne Moon; 
which, eſpecially at that time of the 
year, might be when ſhe was about 24 
hours old: and conſequently their four- 
teenth day of the month ſell upon the 
day of Ful Moon; and, according to 
Nſepbus, they always kept the Paſlaver 
at the time of the Full ;Mogn n next after 
the vernal-equinox« . 

But the Full Moon: day. on 5 
our Saviour was crucified fell on Friday. 
And as 12 Lunar months want 11 days 
of 12 Solar months, the Paſſover, Full 
Moons (as well as all others) fall 11 days 
back every year; which being more than 
a week, by four days, makes it, that, 
1na "et neighbouring. years, there can- 
not be two Paſſover Full Moons on the 
ſame day of the week.” , And when this 
anticipation would have made the Paſſo- 
ver Full Moon fall before the equi- 
8 | noctial 
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noctial day, they ſet it a hole montli 
forward, to fa it at the firſt Full 
Moon Ader the vernal Equinox; which 
puts it off the ſame day of the week 
gin. <4 


The diſpute among chronologers 
out the year of our Saviour s cruci- 


fixion, is limited within four or five 
years at moſt. And it certainly was in 
the year in which the Paſſover Full Moon 
fell on a Friday. 

And I find, by calculation, that the 
only Paſſover Full Moon which fell on 
a Friday, from the 2oth year after our 
Saviour's birth to the 40th, was in the 
474th year of the Julian period; 
which was the 33d year of his age, 
reckoning from the beginning of the 


year next after that of his birth, accor- 
ding to the vulgar Ara chereof: and 


the ſaid Paſſover Full Moon was on. 
the third day of A pril. b 


And thus we cob an . 


demonſtration of the truth of this an- 


cient propheſy, ſeeing that the prophe- 
tic * of the Meſſiah's being cut off 


Was 


J 1931 


was tte very lame with the aſtrono-, 
mical. 5 
Beſides, we 1 the e - a 
heathen author, which agrees _ the, 
ſame year. For Phlegon informs us, 
that in the fourth year of the 202d. 
Olympiad (which was the 4746th year: 
of the Julian period, 'and the 33d year 
after the year of Chriſt's birth) there 
was the greateſt eclipſe of the Sun that 
ever was known; for the darkneſs 
laſted three hours in the middle of the 
day: which could be no other than the, 
darkneſs on the Crucifixion-day; as the 
Sun 'never was totally hid. above four 
minutes of time, from any. part of the 
Earth, by the ene, of the 
Moon. | 
 - Phlegon had been an al he 
would have known that the ſaid dark- 
neſs could not have been occaſioned by 
any regular eclipſe of the Sun; as the 
Moon was then in the oppoſite ſide of 
the heavens, on account of her being 
Full. And as there is no other body 
than the Moon that ever comes be- 


Ge tween 
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tween the Sun and the Earth, it is evi- 

dent that the darkneſs at the crucifixion 

was miraculous, being quite out of the 
ordinary courſe of nature. 

There have been great difficulties 
about our Saviour's eating the Paſchal 
lamb on the evening of the day before 
it was eaten by the Jews. But I ap- 
prehend this difficulty may be eaſily 
removed, when we conſider that the 
Jews began their day in the evening, 
and ended it in the next following 
evening. So that, although it was on 
a different day, according to our way of 
reckoning, it was ſtill the ſame day ac- 
cording to theirs. And we do not find 
that they brought in his eating the lamb 
on the Thurſday evening as any accu- 
ſation againſt him: which they would 
undoubtedly have been glad to do, if 
they could have made a handle of it 
for that purpoſe. 
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By the preceding Tables (p- 1955 
bog 75 the day of the month an- 
ſwering to a en day of the week, 
and the * weck anſwering to 
any given day of the month, may be 
8 in tlie Old Stile, within the li- 

its of 3500 years before the year of 
Burt iſt's birth, and 5300 years after it: 
and, in the New Stile, from A. D. 
17 52, to 1821 incluſive; | as follows. 

1. For any given year before Chriſt, 
look for thecompleat Wundert of that year 
(Aben 1 — 92 amounts to Jagd 
at the head of the Table on page 195, 

d for the years below or leſs than an 
9288 to make vp the number of the 
given year, at the left vl and where 
the columns meet, you bave the Do- 
. letter for the given year. Thus, 
ſuppoſe the Dominical letter was re- 
I; for the 585th year before the 

ear of Chriſt x, 5 was the 584th 

xefore the year of his birth. Under 
'500 at the head of the Table, and 
againſt 84. at the left hand, I find FE, 
which is the Dominical letter — 
and 
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ab; ſhews the ſaid year to have been a 
Leap year; as every Leap year has two 
Dominical letters, the firſt : of —_ 
ſerves for January, and February, and 
the laſt for all the reſt of the year. The 
Dominical Letter for any given year 
after the birth of Chriſt is found in the 
ſame way by the Table in page. 196. 
Thus, ſuppoſe it was required for the 
year 1747; I look for 1700 at the 
head of the Table, and downward 
thence, in that column againſt 47 at 
the left hand, I find D; which ſhews 
that D was the Daminical. letter for 
the year 1747. Theſe two Tables ſhew 
the Dominical for the Old Stile: and 
the Table on page 197 ſhews it for 
the New Stile, from A. D. 1782 © 

A. D. 1821, 

2. Having found he Dowwnical letter 
for the given year, look for that letter 
at the top of the Table ſhewing the 
days of the months (pag. 197) and ter 
the ſaid letter, you have all the days of 


the months Ke ors, are Sundays in that 


. in the diviſions of the months. 


Under 


keen} 

Under the next letter toward the right 
hand, all the days in the column are 
Mondays; thoſe under the next are 
Tueſdays; and ſo on. When you are 
out at the right hand of the Table, go 
back to the left, and fo reckon on ac- 
cording to the order of the days of the 
JJ 7 907-77 yep 5 

Thus, ſuppoſe for the 585th year 
before Chriſt, for which the Dominical 
letter (or letters) was FE; the firſt 
ſerving for January and February, and 
the laſt for all the reſt of the year; in 
the Table, pag. 197, I find, under F, 
the 6th, 13th, 2oth and 27th of Ja- 
nuary; and the zd, toth, 19th and 
24th of February: and then, under E, 
I find the 2d, gth, x6th, 23d and goth 
of March and November; the 5th, 
12th, 19th and 26th of October; the 
'6th, x3th, 2oth and 27th of April and 
July; the 3d, Toth, 17th, 24th and 
31ſt of Auguſt; the 7th, 14th, 21ſt 
and 28th of September and December; 
the 4th, 11th, 18th, and 25th of May; 
and the 1ſt, 8th, 15th, 22d and 9 
5 1+ 1440 O 


ae i 


20T + | 
of. June; 5 which. being all: Sundays, in 


ww, 8 


that year, the reſt of the days of the 


months anſwering to Fs to. of. the 


week, are eaſily foun 


of the wee 


the abovementioned year; I ook for 
the 28th of May in the T able, and I 
find A ſtands at the 5 "of the column 
in which that Fe is found: and, as 


K 


e 


r ** 


will fall ben, in ayer ear 11575 New 
Stile. . Dominical letter for that 
year is D. Then, under D in the di- 
viſion for December, in the Table, I 
find that the 6th, 1 3th, 2oth and 27th 


are Sundays # 2p conſequently, as Ak 


20th of December falls on Sunday, the 


25th (or Chriſtmas-day) muſt be on 


Friday. More examples would be ſu- 


perfluous. 


D 4 FI 2268 pea 


N 


For example; J 
if 1 it was 5 to know on what day 
the 28th of. May fell, in 
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How 50 Ad, circles" and Rraight' lines 
into aß given number of” equal pet 


whether ode. or pen. | 3. 15 * 


$ p SE ' 
+ 4A 44 828 La oa 4 N 
I 


8 1 - 1 «> + - 


When the "given 2 of 10 
parts, into which 10 0 or. a Rraight 
line is to be divide are even, and ca 


be divided by 2, 3 400 .&c. the operation 


is top eaſy to need any deſcription: but 


when the given number of parts is odd, 


as 365, 59, or 3T F (obich! are numbers 
often wanted) tis found to be difficult 


- 


to divide them, even by a great many 


trials with the 8 1 4 


In order to avoid this difficulty, 1 ſhall 
ſhew a method; by. which it is as eaſy 
to divide either a given circle, or a given 
ſtraight line, into any odd number of 
parts, as into any even number; and 
have all the ſpaces between the diviſion 
lines as equal ameng themſelves as is 
ſufficient for the purpoſe : provided the 
operator has a good ſector knows how 
to open it till the two 60's on the line 
of chords are as far aſunder, when tried 

1 


y the” npiſies; as — equal to the 
Nen of the tädius, or ſemidiameter, of 
the given cittle. e eee "Bah 

? There Eli be no given number of ad 


diviſions or = but may have as many 
rem it as Will reduce it to 


ſubtracted 
an even number, which may be biſected, 
triſected, or quartered, & c. And chere 
fore, by finding the length of an are in 
the circle that will bear the ſame pro- 
portion to the odd number taken off, 
as the whole circle bears to the whole 
given number; this arc may be eaſily 
divided into as many equal parts as are 
contained in the odd number which 
was ſubtracted; and then, the remain- 
ing number being even, the remaining 


part of the circle may be eaſily divided | 
105 that number. 


All circles contain 360 deli: 
Therefore, as the whole number ok 
parts, into which the circle muſt be di- 
vided, is to 360, ſo is the number of 
parts ſubtracted to the number of de- 
grees, and parts of a degree, contained 
in the arc in which they muſt be di- 
D d 3 vided. 


65 


Fas] 


| vided. Thus, ſuppoſe it was. require 
to divide a given circle into 365 equal 
parts: ſubtract five of theſe parts, and 
there will remain 360, which may be 
firſt divided into ſix equal parts, each 
of theſe again into fix, and each of theſe 
laſt into ten; by which there will be 
360 in all. os ſay, as 365 parts is 
to 360 degrees (the whole circle) ſo is 
the five parts ſubtracted to the arc they 
will fill; which arc, by the calculation, 
will be found to be 4 degrees, and 9g 3 
hundred parts of a degree; which is a 
little more than 9 tenths. 
Therefore, having taken the lengch 
of the ſemidiameter of the given circle 
by your compaſſes; open the ſector fo, 
as that the two points of the compaſſes 
may reach (croſs-wiſe on the ſector) 
from 60 to 60 degrees in the line of 
the chords; and keeping the ſector at 
that opening, take off 4 degrees and 
93 hundredth parts of a degree (as near 
as you can gueſs by the eye) croſs - wiſe, 
' from the line of, chords, near their be- 
Singing a; the j Jinks: and ſet that ex- 


tent 


hon 


tent with your compaſſes upon the pe- 
riphery of the circle, making marks 
with the points, and divi de the ſpace 
between the marks into 5. equal parts; 
and then divide the: reſt of the circle, 
firſt into fix equal parts, then each of 
theſe again into fix, and each of theſe 
laſt into ten; and ſo you will have the 
whole circle divided into 36 5 Fl 
parts, as was required. 
Again, ſuppoſe a given 1 was to 
be divided into 59 equal parts: ſubtract 
9, and there will remain 50. Then, 
as 59 parts are to 360 degrees, ſo are 
9 parts to the meaſure of the arc they 
will contain; which, by the operation, 
will be found to be 54.91 degrees. 
1 herefore, ſet off 54.91 (or 54.2.) de- 
grees upon the circle, and diyide that 


ſpace into 9- equal parts; then divide 
the reſt of the circle, firſt into 5 equal 


parts, and then each of theſe parts into 
10; and the whole will be divided into 
59 equal parts, as was required, As 
twice 29; make 59, this diviſion will 
do very well for a circle containing 


the 


* 4 < 1 
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the 292 days of the Moon's age from 
change to change; as the above di- 
Alen of 365 will do 2 the days in A 
| common years 
- Once more; ſuppoſe a given" abate 
muſt be divided into 31 equal parts: 
ſubtra& 1, and there wol remain 30. 
Then, as 31 parts are to 360 degrees, 
ſo is one part to 11.61 degrees (or 11.6) 
near enough for the purpoſe. There- 
fore, ſet off 11.6 degrees on the circle 
for the one odd part; and divide the 
reſt of the circle, firſt into ſix equal 
parts, and then each of theſe parts into 
five: and the whole circle will be fe 
vided into the required number of 3 
equal parts. This anſwers to the G 
vifions of the common month- -day circle 
in clock 
The 49 of dividing Ntraight 
lines of given lengths into any given 
number of equal parts is the ſame as 
above; only, inſtead of degrees and 
parts 6f 2 degree, we make uſe of inches 
100 8 of an 1 Inch. Thus, | 


Suppoſe | 
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ebe and Es parts of a an Eck; 2M 7. 3 
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inches) in length; and it was required 
to divide that line into 43. equal parts. 
. 


Subtract 3, and there will remain 40: : 
then, as 43 parts is to 7.3 inches, ſo is 
3 parts to a fourth proportional number, 
which will be found to be O. 5 1, or 

de part of an inch. Therefore, from 
a common ſcale, where you have an 
inch diagonally divided into 100 equal 
parts, take off 5 of theſs parts i in your 
campaſſes; and ſetting aye foot in either 
oh; the enfls gf the given. line, make a 
Mark with the other foot upon the line; 
Bi _ 1 0 — 3 3 = 
An. 


* 45 44 


into. 4 3 * parts, as was „ 
By this method, a wheel may be ca- 
fly divided into any given number of 
teeth, For, if a ſlip of paper be laid 
round the edge of the wheel, ſo as the 
ends may juſt meet; the ſaid ſlip may 
be divided into as many equal parts as 
che wheel muſt have teeth; and then, 
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having put a Alttle ſtarch or gam all 
round the edge of the Wheel, put the 


paper round it again, and divide the 
wheel by the Fark 0 on the paper. 4 


% „ 
i} 


C3 e 


ue fd a, 52 pes in the tubs 


a n and then to Aaron 
Onan 165 IO. 2 . 


9 


" * Py * — Sy + * 5 #4 aA wa 
\ 
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A # Y7 ” 
" 3+ F< of bs: | 


"Firſt, put'4 "the bulb of. ihe who Into 
me juſt freezing, or ſhow juſt thaw- 
; and, at that part where the top 

of che Mercury ſettles in tlie tube, make 
a mark on the tube. Then, if the tübe 
be long enough to contain the rifitig 
of the Mercury for boiling water, put 
the bulb into boiling water; and; at 
the height to which the boiling raiſes 
the eue make a mark on the tube. 
This done, apply the tube to the in- 
tended ſcale; and a gainſt the firſt mark, 
place the number 3 2 on the ſcale, to 
denote the deen point; and againſt 
the ſecond mark, place the number 
21 2 on the ſcale, to denote the boiling 


point. 
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point. This done, divide | the ſpace 
between the two marks on the {cate : 
into 180 equal parts; and continue 
theſe diviſions both above the boiling 
and below the freezing point, for the 
whole length of the tube upon the ſcale, 
and number them accordingly. And 
then the heats of ſeveral bodies may be 
ſhewn, by being nen on the ſcale, 
as follows. 
Air, in ſevere cold weatties'! in Brig: 
Fi 15 to 2 5. Air at Midſummer, 
from 65 to 68. Extreme heat of the 
Summer Sun, from 86 to 100. Human 
heat, about 97. Butter juſt melting, 
95. Alcohol (or pure ſpirits) boils with 
174 or 175, Brandy with 190, water 
with 212, oil of Turpentine with 550, 
and Tin melts with 408. Milk freezes 
about 30, hs. about 28, and Blood 
about 27. 
If the tube be not long enough to 
bear boiling water, firſt find the freezing 
point as above directed; and then put 
the bulb under your arm- pit, next to 
your: ſkin, and hold it there as long as 


Ee you 
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you obſetve the Mercury to rife in the 
tube, and then make a mark on the 


tube where the Mercury ſettles. This 


done, apply the tube to the intended 
ſcale; on which, place 32 at the firſt 
mark, for the freezing point, and 97 
at the ſecond mark for the degree of 
human heat. Then divide the ſpace 
between theſe two numbers on the ſcale, 
into 65 equal parts, and continue amp 
diviſions above 65, and below 32, a 

far as the tube goes; and laſtly, 4 
the different appellations of heat and 


cold on the ſcale as abovementioned. 


Rules for ending the Areas or ſuperficial 
contents of Plane Figures _ A ſolid 
B odles. 


. diameter of a circle being given, 
_— find its its circumference and its area. 


As 113 is to 355, G4 is the Hiker 
of the circle, taken in any meaſure, 
as 
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as feet, inches, &c. to its circumference 
in the like meaſures. 
To find the area, in circular meaſure, 
multiply the diameter by itſelf, and the 
product will be the area ſought. 

To find the area in ſquare meaſure, 
fay, as 1 is to o. 78 54 (or rather 0.785399) 
ſo is the ſquare of the diameter to the 


area ſought, in ſuch meaſures as the di- 
ameter was taken. 


# To fond the area of the ſector of 4 Girele. 


As 265 degrees is to the degrees in 
the arc of the ſector, ſo is the area of 
the whole circle to the area of the ſector. 
Or, multiply the length of the radius 
of the ſector, by the length of the arc 
of the circle, under which it is contained, 
and divide the product. by 2; the mw 
tient is the area ſought. _ 


3 To find the area of an 2 %%. 


Multiply the longeſt diameter by the 
een and the product by o. 78 543 


E e 2 the 
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the laſt product is the e area ts ir 


| 6 ip METS. 


4. 25 fo the area of a Parable. 4 


Multiply thier FO ua or greateſt h 
nate, by the perpendicular height, and 
the product by 2: then divide” the laſt 
product by 2, and the ne will be 


the area required. 1 
"4 


5. Ty fen the area of a & Tuare, or wy a 
gy p67 


Multiply any ſide of the Sue by 
itſelf, or one of the longeſt ſides of the 
parallelogram by / one of the ſhorteſt; 
and the : Any will be the area re. 
quired. 


6. To find the area of a Triangle, tbe 
Hengibs of whoſe fides are given, 


I the triangle be a right angled one, 
FP | the baſe thereof by the per- 


pendicular, 


T2137] 
pendicular, and divide the product by 


2; the quotient will be the area, in 
ſuch ſquare meaſures as the lengths of 
the baſe and perpendicular were given. 
If the triangle be an oblique one, and 
have its ſides of different lengths, call 
the longeſt ſide the baſe; and, from 
the Ele point, oppoſite to the baſe, 
draw a right line perpendicular to the 
baſe. Then, find the length of the 
ns nom in ſuch meaſures as the 
hs of the fides were given, and 
ay the length of the baſe by the 
length of the perpendicular, and divide 
the product by 2: the quotient will 
be the area of the whole eee as was 
er | | 


7. To find the + area,” or ſuper ela content, 
of any Rectilineal N 


If che figure be imeguie Und conſiſts 
of many ſides and angles, reduce it all 
into triangles; and then find the con- 
tent of each triangle by itſelf, as di- 
rected * the foregoing rule. The ſum 

of 


D 214 ] 
of all theſe areas or contents, being added 


together, will be the area or content of 
he whole figure. ET 


8. To find the content of a Field that 5 
been ſurveyed by the chain, and plotted 
down by a ſcale of chains and links. 


The common chain for fanvevite 
contains 100 links, and the common 
plotting ſcale has inches divided by di- 
agonal lines into 100 equal parts; fo 
that an inch anſwers to a chain in plot- 
ting, and the parts to links. Tis all 
the ſame if half an inch, or a quarter of 
an inch, be divided into 100 equal parts; 
for they may be uſed in plotting: and 
always the ſmalleſt diviſions are uſed 
when the largeſt quantities of land are 
to be plotted down on paper. 

The field being plotted down, re- 
duce it all into triangles; and meaſure 
the baſe and perpendicular height of 
each triangle, by your compaſſes, on the 
ſcale by which the field was plotted, 
ſetting Hows the number of chains 1 

lin 8 
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links of each meaſure as if they were 


all whole numbers of links. Thus 7 


chains, 24 links, are wrote down, pig : 
links, and 5 chains, 9 links, are wrote 


down 509 links, and ſo on. Then 
multiply the length of the baſe of each 
triangle in links, by its perpendicular 
height in links, and add all the products 


together into one ſum: which done, 


divide the whole ſum by 2, and the 
quotient will be the area of the field, 
in ſquare links of the chain. | 

From the number of fquare links 


contained in this area, cut off five figures 
to the right hand {becauſe 100000 
ſquare links make an acre) and what 


remains to the left hand will be Acres; 
and thoſe which are cut off will be de- 
cimal parts of an Acre. 

Multiply theſe decimals of an Acre 
by 4, and from the product cut off five 
figures to the right hand; and what 


remains to the left will be Rodds; as thoſe 
cut off will be decimals of a Rood. _ 
_ Laſtly, multiply theſe decimals of a 
Rood by 40, and cut off five figures of 
the 
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the product to the right hand: and 
what remains to the left will be Perches, 
as thoſe cut off will be decimals of a 
Perch. ATT (3 
And, by this method, the whats con- 
tent of a field will be had, in acres, roods, 
and Perches. | | 


Te 5" IT of a Girel being given, 
zo find the fide of a ſquare whoſe area 
is equal to the area 2. the Circle : and 
"the rever ſe. 10% 


1 As 1 is to o. 8862, ſo is the diameter 
of the circle to the ſide of the ſquare, 
whoſe, area is equal to the area of the 
circle. Or having found the area of 
the circle by Prob. 1. extract the ſquare 
root of that area, and it will be the ſide 
of the {quare ſought. | 

To find the diameter of a * 0 | 

area ſhall be equal to the area of a 
given, ſquares ſay, as 1 is to the fide 
of the ſquare, ſo is 1. 128 to the 3 
cer of. the cirele require. 

| 10. T 


E 1 


10. 25 fd ole area or or ſuperficial contents 
"qu | 5 ne Coe: | 


Al 2737 is to 3 957 5 is tie ſquare 
of the diameter of the globe to its ſu- 
N content. : 


11. 27 find the ene content 7 a 
55 | Tylmder. ons 


As I'is'to the length of the Se 


i 10 is its circumference to the ſuperficial 
content of its conyexity, to which add 
the areas, or two flat circular ſurfaces 
at each end (found by Prob. 1), and the 


whole will be the ſuperficial une 
required. ä 


12. 2 5 fed the ſuperficial content of a 


Cone. 


As 1 is to te obligue (not the per- 
l height of the cone, ſo is 


F A . 
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half the circumſerence of the baſe to 
the fuperficial content of the \vohvexity 
to which add the area, or fu perficial 
content of the baſe, and you will have 
the Whele ſuperfieial cbntent of: the 
cone, ag das recuited. 19191ngib 21 to 


* os, lh. as 5 3 0 13 8 a 
Wie HAN) 1101.0 


1 


13 Te. fing. lee, content -of the 
| Fruſtum of a Cone. 


18 
# 4 


e altitude of 


4 


circumference, at the top and bottom, 
erficial conteng, of, the convex 


3 * 
\ L 
* 
a 


* bp. K. 1 ** 4 was. £4 \ 10 Bs. 
| 183g * wy + x 
14. To find the ſup 
, "I ; 


* * 
3 l 
Ut 


Ibis may be found in all reſpects as 
in the Cylinder, regard being only had 


15. 20 


to the figure of the baſe. 
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This it don 4 inal T \ 26+ thic 
cone, regarding abe fip ure = the baſe: 
and conſequently the 3 content 

of che Fruſtum of a Pyramid _ be 
| found i in the acne manner e108 gu. 


q** 
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1 16. 75 70. the LE content A 4 any 
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CE ET 


As 1 is to 15 (de of rh en Ph 
tonic body, 


1 
[aa | 
Z | 

Or, as 1 is to che Page of the fide 
of of eicher of theſe Platonic bodies; ſo are 
the above numbers in this propoſition, 
to the ſuperficial en, wy the reſpec- 
tive Platonic body. dN N WN 6 


c 88 1 
| 3.40, 10 TH 
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16. The diameter of a ſphere being given, 
to find the fide-of any of the Platonic 
bodies, that may be either inſcribed i in. 
the ſphere, or circunſeribed' about the 
"Je or that is equal to the ſphere. | 


As 1 is to the number i in the follow- 
ing Table, reſpecting the thing ſought, 
ſo is the diameter of the given ſphere 


to the fide of the Platonic body fought, 


| The mas | That may be [ That ntay be That is e-| 
of a ſphere | inſcribed in | circumſcribed qual to the 
| being unity, | the ſphere, | about the Der, is 1 
the fide of 1 is | ſphere, is 1 : 
Tetratdron o. 8 16497 2.44948 if rf PIPE 1 
Octaẽdron 0-707 107 1.224794 1.03576 
I Hexaedron 0.577350 || 1.00000 |} - 0.80610 
Icoſaëdron 0.529731 0.66158 | 0.62153 
Dodecaedron . — . | 0.44903 | 8. 2 — 3 


"> dos A * WAL; ; 4 ; 
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17. The fl of any 3 
bodies being given, to find the diameter 
of a ſphere that may be inſeribed in 
that body, ar circumſcribed about it, 
or that is equal to it. 


As che reſpectire number in the 


above Table, under the title, Inſcribed, 


Circum- 


o 


21 1 


C ricanenibeat; Equal, is to 15 ; ſo is 0 


ſide of the given Platonic Body; to the 


diameter of its inſcribed, circumſcribed, 
or 88 ſphere,” in . 2 


18. The fide of any "Sth Platonic 
bodies being given, 10 find the: fide of 


either of the Platonic bodies which are 


_ in E 9 4 p be given 


. the number upden 4 title * 


againſt the given Platonic body, is 
to the number under the ſame title. 
againſt the body whoſe fide is ſought, 


ſo is the fide of the given Platonic body 


wad 


to the ide of the Flatonie: W ſought 
Rules oor fading. * f contents of 


Bodies,” 


1. 75 . th 65 contents of a 85 bore 3 
or Glue. 


- Matti ay _ . ** * i "EN 
price into itſelf Grhich is cubing 2 IS 


22] 


and the product by o. 5 2363 the laſt 
product Waden oc 1c 212i, 


" 


— find ihe dil co con ent of a \ Sphervid. 


As I4 is to 11, fo is the ſ⸗ uare of 
the conjugate diameter, multiplied by 
two thirds of the tranſverſe diameter, 
o the fold content OT) Narr 


E 


7 E fo 22 2 content of a Cite. 


Multiply the fide of the cube twice 
Into itſelf, and the 7 will be ict 
Tot contents er 


FR 25 ful the i old, 7 Fin i of 2 Foal 
| lipidon. | 
* Multiply the length by the breadth, 
and the product by the depth; the laſt 
Long 1 5 be the cid content re- 
LY 7 fu the 2 ld. contents of a Pri 1 


34 ultiply” the area; of the triangular 
\ baſe by che Right « of the Priftn;-and 
the 
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the product will be ch. . contents 


thereof. ner d 


9113 ni eg tft Is u a ei ein 
6. Ter: fond abe eee 0 ce. 
5 lad aul an e 51 35% 


4 
I 78 3x * 118 117 0 „Ar 


As 3 is to the area of th 6 rakes 
in any meaſure, ſo is the 1 
altitude of the Cone, or of the Pyramid, 
to its ſolid - contents, in the ſame mea- 
dure, . 2050 


ALF 


* 5 
10 due 7 oO) 2 


21 1. 75 2 4 the 7 2 boritents 7 I, Hrs 
oy 8950 v2, Ken art 


4 TY \ Is 4 G 
7 : . we 4 * 


A "Eaſt 1 find | t e Areas of i its 9 
| pas 5 d top: t | then multiply theſe areas 


% * 1102 


1nto one another; and extract the ſquare 
root of the product: add this ſquare 
root ta the ſum of the foreſaid areas, 
and multiply this whole ſum by one 
third of —4 perpendicular height of 
the Fruſtum, and the product will be 
the hd onen er bee „ 


[ 224 
8. 20 find the ſolidity of. the mw 4 


2 Hramid. 


This is done in all reſpedts : as in "OY 
Fruſtum of a Conè, only having re- 
ſpect to the figures of its flat baſe and 
top, as they may be triangular, ſquare 
—.— Sc. 4 vous _ Ves EY 25 f 
113 21 1 7 yrs al 
25 find Fe - folid An of ay of ale 

Fes Platonic Bodies. 


As 1 is to the cube of the fide” of 
any of theſe. bodies, ſo is 0.117851 to 
the ſolid contents of the Tetraedron, 
0.417404 to that of the Octaëdron, 
I,00000 to that of the Hexaedron, 
2.181695 to that of. the Icoſaedron, 
and 7.663199 to the ſolid - content of 
the Dodecaedron. __ . 


10. To find the ſolid + contents 40 eg ir- 
(regular: : body, even if it were 4 Gooſe- 


berry buſh, prong 012 have. a _ 
that will fully hold it. ; 


Let the veſſel be filled quite up to 
the brim with water, and weighed in a 
balance ; 


(465 


Wlan E then, x üt che irreg lat. body 
into the beffel, till it be quite e coveted 
with the water, and it will cauſe as 
much Water to run over, as is. equal to 
its whole bulk. This done, take the 
body out of the water, and then find 
_ how nich leſs the. veſſel weighs, than 
it did, '7 when full of Water, before the 
— * was 125 into te. - Reduce tliiy de- 


r 


high 4200 ihe beat We e 
bie inch of common water is 25 152 
grams) afd the 5 will be the 
Sid contents of he bod in cubit 1 In- 
ches which may be regu any to eybic 
| feet” by dividing the *number” of inches 
£728, the putter of cubic inches 
in a cubid — 
. B. The vutfide" of the veſſel muſt 
be wetted when it is full of water, 
Aatid its weight taken, before the body 
be put into it; for otherwiſe, part 
of the water which the body cauſes 
ow. run over, when it i is kungen will 
| r e tick 


Nick to the wi of the veſſel, and 
WP e a falſe concluſion, | 


of To) 'T . the «fd contents of « a our 


As. 1 is to 0.7854 for rather. to 
©. 0.78; 5 399) fo. is the ſquare of the dia- 
meter of the Cylinder, taken in inches, 
to the number of ſquare inches contained 
5 the area of the baſe of the Cylinder: 

which number being multiplied: by the 
height of the Cylinder, taken in inches, 
gives the ſolid | content. thereof i in cubic 
inches. AT 

Now, ſu W the the Cylinder, to be 
hollow, a I theſe” moul ſures to be taken 
in the inſide; 3 We may find how.much 
it will hold, in Ale gallons, Wine gal- 
/ == Corn gallons, or Corn buſhels, 
t us: 1. : 

Divide the — in cubic; inches 
by 282, and the quotient will be the 

number of Ale gallons; by 2 3175 and 
the quotient will be the content in Wine 
* ; by 268, 8, and the Lg 


will 


will be Corn — as by 21 30.42, 
and the quotient will be thec content in 
Corn 4 7:14 5 4 vo A 


12. T gauge a common . or e 


Ae the 1 diameters af the 
Caſk at the end and middle, and take 
their difference in inches. Multiply 
this difference by 0.7, and add the pro- 
duct to the diameter at the end; which 
will give the mean diameter of the caſk, 
very nearly, as if it were a cylindrical 
veſſel of the ſame contents with that 
of the caſk: which contents may be 
found in Ale gallons, Wine ar 
Corn gallons, or Corn bu . by th 
een Problem. — 


57 ! n 


48 
' 
I 
_ 
: 


13. To gauge a Common Pa. 


| Multiply the Gdmeters, at the top 

and bottom (taken in inches) into one 
another, and to their product add one 
third part of the ſquare of their differ- 
ence; then ae this ſum by 0.78 54, 
GS and 
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and the product will be a mean area, 
as if the veſſel was cylindrical. Mul- 
tiply this area by p 4x erpendicular 
height of the Vat, and the product will 
give the contents thereof, in the number 
of cubic inches that it will hold: which 
number may be reduced into Ale gal- 
lons, Wine gallons, Corn W or 


Corn buthels, as en ib 


. 


of water in a ee, dive 75 29 
Sven diameter of bore, and Fer pen. 
dlſcular height, may be fowid: and 
conſequently, the power may be nown 
that will be ſufficient zo rat iſe the water 


10 the top of the pie, in an pump, of 
otber Hydraulic machine,” 1 N 


— nnn W579 FEE ASIF 2 A 1 
4 7 Diameter of the eylindrc be: I Inch. 3 
F Quantity of water | 1 Weight of. water fin Ayoirdu- 
.in cubic Inches. rey: ounces. | poiſe ounces, 
FT: * OY | 
k 447781 7 97 123 J.  5:4541589 
1 * 248. 8495 * 199 us ie 9882078 
{| 3] 28.27 1121 14 9137020 . 16.30 02463 | 
4 37-69 7 5 19.9849 360 | 21.81 14 1 
| a8 oh 95 — ng 1 24.8561 15 8 27. 2707695 I 
| 6 | 29.8274040 5 7249234 
72 Le ge | 347986380 38.2793 
8 fe 39822438 | 397698720 4.3-6332312 
9 — — J.. — | 490873851 1 1 
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For tens of feet highs remove the 
decimal: points one clots forward; for 
hundreds of fect, two places; for t 
ſands, three places; and ſo on. Then 
multiply the ſums by the ſquare of the 
diameter of the given * an; the . 
Og 198 be the anfwer. t 


RAe 


Qu The quantity and weight of water in 
a cylindrical pipe 85 feet high, and 
10 inches diameter. The n of 
10 is 100. 


Feet | Cubic inches. Troy ounces. | Avoird. ounces... 


| > 
— 8 * — —— 4 —— — * 4 as 


| - — . 
| F | 
L 


80 757982206 397-698720 | 4536.332312 
+$ 4-47 TIS: | 24.856170 27. 27069 
— Þ 122 1 —— — 
85 7 $61.1061 * | 422.554890 | an: 5 

| mult. by | 100 100 


av. | 80 10673800 42455: 4890 Ne 5 


Which nude (801 10.6) of cubic 
inches being divided by 231, the num- 
ber of cubic inches in a Wi ine gallon, 
gives 342.6 for the number of 17 3 


and the reſpectiye weights 442255. 459, 
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as the length from the axis of the handle 


0 230 


and n 3 being e the for- 
mer by 12, and the latter by 16, give 
3521.29 for the number of Troy 


pounds, and 2897. 5 for the number of 
Avoirdupoiſe pounds, that the water 
in the pipe weighs. So much power 


would be required to balance or ſupport 
the water in the pipe, and as much 


more to work the engine as the friction 
thereof amounts to. 


* 


8 Pumpe. 


In all Pumps, the preſſure of the co- 
lomn of water, or its weight felt by 
the working power, when raiſed to any 
given height above the ſurface of the 
well, is in proportion to the height of 
the column, -confidered throughout, as | 
if it were equal 3 in diameter to that part 
of the bore in which the piſton or 


bucket works. 


The advantage or power gained by 
this handle of 'the pump is the ſame as 
in the common lever; that is, as great 


to 


to its end N. the power is «arp 
exceeds the length of the other p 
of the EI 1 7 — the Ain ot 
it turns, to the pump p rod wherein it i 
fixed, for lifting the piſton and water. 
In the making of pumps, the 
meter f the bore” where the bucket 
works ſhould be propotti Ini d to the 
height which the pump raiſes water 
abo the ſurfa of the well, as that a 
man of ordinary ſtreng th mi ght work 
all pumps equally enſy, 1 thelr heights 
be what they wiſl. The annexed Table 


ſhews how: this may be done, and what mw 


quantities of water may be raiſed in a 
minute by one man, ſuppoſing the 
handle of the pump to be à lever in 
creaſing the power ſive times. 
I. B. In my book of Lectures, 
7.5, laſt paragraph, and line, 3 of of. 

lumn I, in pag. 76, for bucket, * 
ſurface of the water in = well. 
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Find be gives! 
of the pump, in the uſt | 


' edlumn of the Table; 
map ml Live 
aber d de f, mich the 


4 1 222 and in 2 


of an inch: 


2 — 

of the bore 
where che 
Piſton 


third column, you! have {| 
the quantity 2 ; water, STE 
i Eiglith gallons @nd | 152 


ts, that 4 a 
pie Lc , L 1097 


naſe” to that eckt! in a Þ 1; 55 2 
minute. 4 ve -- 
© With reſpe&. kw the-| 40 
| power required. to work | 45 

che pump, or the quan- 1 85 4 


tity of water Wee e 
thereby, it oe 


I SHIT 


Troy oight een u Au, Ane 


ror 511 gn 


r 
* 4 44% 


. e 1 Jood vm.- ak 9. 
275 Troy pounds are equal to 144, Av0 vojrdupoiſe.pounds.. 
| oY 5 Troy ounces are equal to i gz" Aroirdu e 

N N 5760 grains; I mk. 
poiſe pound contains 7000 grains. 


- Troy ounce contains 480. grains; aeg 

z Avoirdupoiſe ounce —— 437.5 grains. 

1 Avoirdupoiſe dram contains 27. 34375 grains. 

1 Troy pound 13 ounces 2.65 18 76 Avoird. drams; and 
1 Avoirdupoiſe pound is equal to 1 pound, 2 ounces, 11 


penny weight, 16 grains 2285 


1 By 


„ 

By the following Table, we may find 
how much of either of theſe weights 
is contained in any given number of 
pounds in the other. Pg” 


_ „ 


1 


| 91 J Avoird. pounds. | 2 T toy pounds, 
11 jo. 8228571428 57143 1 1. 2152777777778 
| 2 |1.645714285714286]| 2 | 2-43055555555556| 
3 |2-468571428571429]] 3 | 3-04583333333333 
14 | 3-291428571428572 || 4 | 4861111111100, 
5 |4-114285714285715]] 5 | 6.07638888888889 
6 [4-937142857142857 || 6 | 7. 21966666666667 
7 F. 7600000000000004|| 7 | 8.50694444444444 
18 16. 582857142857143 8 | 9-72222222222222| 
9 9 


7. 4057 1428 5714286 | | 10. 937 50000000000] | 


For tens of pounds, remove the de- 
cimal points one place forward; for 
hundreds of pounds, two places; for 
thouſands, three places; for tens of 
thouſands, four places; and ſo on, as in 
the following Examples. 

When any fractions remain in the 
laſt ſum, reduce them to the known 
parts of a pound, by the common me- 
thod of reducing decimals to the known 
parts of an integer: remembering, that 
in Troy weight,, 12 ounces make a 
pound, 20 penny weight make an 

H h | ounce, 
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ounce, and 24 grains make a penny 
weight: and that, in Avoirdupoiſe 


weight, x6 ounces make a pupil, « and 


16 drams make an Ounce. 


EXAMPLE 1. 


In 175 = e Qu. How many 
Avoir DL JE e 


Troy. Auvoirdupoiſe. 


100 [82.2857 142857143 
70 J 57.6000000009000 Anfaw. 144. 
5 | 4-1142857142857 


175 144-0000000000000 


E XAMPLE IT. 


In 144 Avoirdupoiſe pounds, Qu. How 
many Ti . de? 


Avo. | Tr O . 


100 | 121. 5277777777778 


40 | 48.6111111111111 Av. 175, 
4 4861111111110 : 


144 | 175. 0000000000000 
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EXAMPLE. III. 


hh 2 2 Ae Pound, W. Hes 


Avo. | 
70 


72 
P. 


much Trey en 8 
; Troy. 5 WE 

| 85. 694 
2. 5888855556 


| 87. $©900000000600 | | 
F. 


% My fever. W E44 115, 4 
87-5 aac} ri © 
Fix. 87 pounds 
\ Ounces. _ 


In common practice, tis fufkcient to take out the decimal pate 
to five or ſix figures. 


By four weights, v v 12. K pound, 3 pounds 


9 pounds, and 27 paunds, to weigh 
Foumds; or a number 55 


1 70 40. 13 


O Den — 


Scale 
A. 


2 


S © Ws 
— 


oo - OOO o oe! 


Scale 
B 


0 * 
——— 
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| 27993 
| 27291331 
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8 . 
14 3 ; 
* 11 $ 
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Se. 
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The two Stairs! under Pounds ex- 


preſs the number of pounds to be 


weighed: to the right hand of which, 
the column under A ſhews what wei ohts 
are to be put into one ſcale of 250 ba- 
lance, and the column under B ſhews 
what weights are to be put into the 
other: by which means, the ſcale B will 
be ſo much lighter than the ſcale A, 
as to require a weight to be put into 


it, equal to the given number of pounds 


to be weighed, as ſtated at the left hand, 
under Pounds, againſt the weights in 
the ſcales; and then the balance will 
be even. 

If, to the abel faint with; one 
of 81 pounds be added, you may weigh 


121 [Ponds ; or n number 15 I 
to 121. 


to 121: and if, to theſe, you add a 


weight of 243 pounds, you may weigh 
36 * * or any number fro 1 to 
go: * 


_ 


Table 


1 


8 


3 


1 2371 


and they 


A Tabhe of the ſpecific gravities of 
| odies. © 
4. Troy Weight. Avoird. 5 Compa- 
A cubic inch of | — — tive 
| | 0z. pw. gr. | oz. drams | weight. | 
Very fine Gold | 10 7 4.45 [1 5.8 I 639 : 
Standard Gold |. 9 19 6.06|10 14.88 | T 987 
Guinea Gold | 9g 7 17.1810 4.76 | 17 793, 
Quickſilver 7 3 439] 7 13.16 [13.565 
Lead 5 19 16.32| 6 8.86 | 11.325] 
Pure Silver 5 17 0.00] 6 6.69 | 11.090 
Standard Silrer | 5 1 3.28 6 1.55 10.634 
Copper 414 22.62 5 3.33 | 9.000 
Plate Braſs 4 8 3.5 4 13038 |: $:344 
Caſt Braſs 4 5 10.76 | 4 10.08 | 8.001, 
Steel 4 2 20-21 |-4 8.71 7.835 
Block Tin 3 17 3.82 4 % 7. 
Diamond 1 15 21.07 | 1 13.35 | 3.400 
Fine Marble 1 8 14.11] x 9.30 | 2.710 
Common Glaſs | 1 7 F. 20 1 7.88] 2.579 
Alabaſter 8 19 . % 3 ; oy 1.873] 
{Dry Ivory 0 19 $5.83] 1 0.89 | 1.823 
Dry Boxwood o 10 20.77 | © 9454 1.201 
Sea Water o 10 20.51] 0 9.51 1.035 
Common Water] o 10 13.18] © 9 23 1.000 
Red Wane 0 10 11.42] © 9.20 993 
Proof Spirits o 9 19.73] 0 8.62 9311 
Pure Spirits 09 3.275 o Fop 1} ee - 
Ether J 7 14-00] 0 7.46 720] 
Cork 10 2 1-774 © = 
Air Bl 0.25 0 1 oot} 
Take away the decimal points from 


9 the numbers in the right hand column, 
and reckon them to — whole numbers; 
will ſhew how many Avoir- 

dupoiſe ounces are contained in a cubic 


foot of each of the above bodies 1 in the 
Table. 


A Table 


— 5 0 —— — = - 
2 — — | 
— yt OT TS —— — 
> — ab.) == A - 2 1 * 


8 n ˖ tn tit. 61 
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W7 75 77 the 5 72 7 2 
and Forces 2 the w. Tads. 


Common appellations 1 | 
of the forces of Winds. 


wp 


* 


li 


1 


Perpen- 
Velocity of | pen- 
the Wind. bebe, 
force on 
[one foot 
Dune = Area, in} 
in [Feet in pounds 
one one | Avoir- 
Hour. Second. dupoiſe, | 
I 1.47] -o05 
2 2-93] +020 
3 4:49] +044 
4 | 6.87 079 
E178 7+33] 112 
10 | | 14-07] 492 
15 22.00 I.107 
20 [29.33 1.968 
25 [36.67 3.07 
30 [44.00 4-42 
35 | 51.33] 6-027 | 
| 40 | 58.67] 7.872 
45 [656.00 9.963 
50 | 73-33} 12.300 
60 | 88.00}17.712 | 
80 | 117.331 31.488 
| 100. 146.70 49.200 


| 


Not perceptible. a 
Juſt perceptible. 


Pleaſant briſk Gale. 
Very briſk. 
High Winds. 


Very high. 
A ſtorm or tempeſt. an 


A Fine ſtorm. 
A hurricane. 


A hurricane that tears 
up trees, and carries buildings, Ke. before it. 


Gentle pleaſant wind. | 


That the force of the Wind 4 is as the 
ſquare of its velocity, I have often proved 


by experiments made on my Woirlng 
Tabl. 


* 


4 The force of the Wind i is as the ſquar r of i Its in velocity. | 
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Of the difference Aub the apparent 
Level and the true. 


When a plumb line 7 Grady? it 
hangs Jirealy toward the center of the 
earth: and a right line, croſſing the 
direction of the plumb line at right an- 
ples, and touching the Earth's ſurface 
juſt below the plummet, is a level at 
that point of the Earth's ſurface. But, 
if this right line be continued from that 
point, keeping ſtill perpendicular to 
the plumb line, it will riſe above the 
Earth's ſurface, becauſe the Earth is of 
a globular ſhape: and this riſing will 
be as the ſquare of the diſtance to which 

the ſaid right line is produced. That 
is, however much it riſes above the ſur- 
face at one mile's diſtance, it will rife 
four times as much at the diſtance of 
two miles; nine times as much at the 
diſtance of three miles; ſixteen times 
as much at the diſtance of four miles; 
and ſo on. And therefore, if two le- 
vels are taken at two points of the 
Earth's 
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Earth's ſurface which are at any con- 
ſiderable diſtance (as ſuppoſe a mile) 
from each other, the level lines pro- 
duced will interſect each other at a cer- 
tain angle: and although either of 
them, ſo produced, will appear to be a 
true level, yet it can be ſo only at that 
point of the Earth's ſurface from which 
it was produced: not at any other. | 
The height to which a level line, pro- 
duced from any given place, riſes above 
any other place, is the height of the 
apparent level above the — at that 
other place: the quantity of which 

height is ſhewn by the following Table, 
for all diſtances within the length of a 
degree of a great circle upon the Earth's 
ſurface. There is a Table of the ſame 
fort in Dr. Lono's Aſtronomy, which 
differs but two inches from this (which 
I have computed): in the height of the 
apparent level above the true, for a 
whole degree, or 60 geographical miles; 
which are-longer than 60 Engliſh miles 
by 48840 feet. 7 
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By the moſt accurate meaſures of 
the length of a degree on the Earth's ſur- 
face, 80 whole 360 degrees of the Earth's: 
circumference contain 131630400 feet, 
or 24930 Engliſh miles: which in 
geographical miles (allowing 60 to a 
degree of a great circle) make onl7 
21600. 80 that, a geographical mile 
contains 6094. feet, which exceeds the 
length of an Engliſh mile by 814. 

In the Table, a geographical mile 
(which I have often thought ſhould be 
the univerſal ſtandard —— of a mile) 
is called a ninute, becauſe it is the 60th 
part of a degree; and the Goth part of 
ſuch a mile is ; called a ſecond. 

As the ſurface of water naturally an- 
ſwers to the curvature of the Earth's 
ſurface (ſuppoſing no hills or eminencies 
thereon) tis plain that if a long ſtraight 
channel was made, ſo as to "have its 
middle part level at any part of the 
Earth's ſurface, and the reſt continued 
out both ways in direction of an ap- 
parent level from that place; if water 
ſhould come in at either end of the 
1 channel, 
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would ruh to the middle 
thereof: : and, if the channel was all of 


zan equal depth, the water would run 


.over at the middle before the channel 


could: be filled at both its ends. And 


;conſequently, if a diſtant ſpring appeared 
by a [levelling inſtrument to be juſt on 


a level with the-houſe, the water might 
*be brought in a ſtraight channel from 


the ſpring to the houſe; or in pipes, 
tif there was an intervening valley; be- 


t cauſe the water will riſe in crooked. 


pipes, till its ſurface at both ends is 
RY diſtant from the Eartir 8 center. 
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A Table Nee the. Height 0} TTY | | 
[. Parent level above .the true, 2 — 
| - I000d?h part 22 an Inch. — 


1 i 
$6 _ Seconds, CI» Feet. Inches. — | 
r 7 5 8 TRE HEY , +: 8 
We. " 210 5; > 6.8 pi "0.083 ; 
„ 20 1.56 0.012 } 
| 4 <2 C 40 4 0 . 3-2 * 8.800 1 
| ys J 1 0.0% n 
: "2 * ws. P 
4 2 ; ce Q 
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B/ che preceding Table; t 1 

oC, an are, in feet and e on 1 2 
Earth's ſurface, - may be found'; if its 
meaſure be known in minutes and {+ 
conds of, n Thus, ſupf fe the 


is the Auth part of i a OY — -j 
its meaſure is 101 5 feet, 8 inches: and 
an arc of one minute. of a degree, which 
is one geographical mile, is found to bs 
6094 feet. > og? 1 TY | f 
We may alſo Go how Fe one can © , | 
ſee i in a true horizon at ſea, when -þ 
eye is. raiſed, to any given height above 
the ſurface of the water. Thus, ſuppoſe 
the eye of an obſerver on a ſhip at ſea Y 
to be 22 feet, 2 inches, above _ ſur- "mJ 
face of the ſea, he will ſee to the di- © 
ſtance. of 30470 feet all around him; 
or to the diſtance of 5 geographical _ 
miles: for againſt 22 feet, . 923 (which : 
may be efteemed 2) inches, in the 3 - ng 3 | 
band column, is 30470 feet, in the 
middle column; 75 And 5 3 or 1 
1 graphical miles in the fir bt 


35 
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Again, ſuppoſing that a gentleman . 
was to 1 5 a canal in a piece of ground 
which is half a geographical mile 
long, as appeared to be truly level by 
the common levelling inſtrument; this 
being 30 ſeconds of a degree, or 3047 
feet, in length, the height of the appa- 
rent level above the true, at that di- 
ſtance, is 2.659 inches: and ſo much 
muſt the farther end of the ground be 
ſunk, in order to have the water equally 
near the ſurface of che ground at both 
ends of the canal. 

Once more; ſuppele an >obferver to 
have his eye cloſe at the ſurface of the 
ſea, and that he then juſt ſees the top 
of a mountain in the ſea, whoſe diſtance 
he knows to be juſt 60 geographical 
miles, or 365640 feet; the perpen- 
dicular height of that mountain, above 
the ſurface of the ben, is 3191 feet and 
parts of an inch. 

If the diſtance of the mountain ſo 
ſeen be more tban 60 geographical 


miles, Which is without the reach of 
e 
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4 the Table; yet its height may be 
found by the Table, in the following 
manner. 
_ Suppoſe 15 Fo HSA of the mountain 
to be 90 geographical miles, or a degree 
and an half, in a great circle upon the 
Earth: take half the given number of 
miles or minutes, which is 45; and 
multiply the height of the apparent 
level above the true; at that diſtance, 
by 4: and the product will give the 
ke height of the mountain. 
Thus, againſt 45 minutes you have the 
height 1794 feet, 11.763 inches; 
3 multiplied by 4, gives 7917 feet, 
11. 052 inches, for the height of the 
mountain above the ſurface of the ſea. 
According to the meaſures in the Ta- 
ble, a degree of a great circle upon the 
Earth contains 69+ Engliſh miles.” . 


of the Mechanic! Powers, and 4 Fridtion. | 


From the n ſimple 1 c to > the 
moſt compound Engine, the power or 


K 15 advantage 
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advantage my is always as much as 
the velocity of the moving power ex- 
ceeds the velocity of the weight or re- 
ſiſtance that is moved; making proper 
allowance for the friction of the machine 
or engine. So that, if the working 
power moves through a ſpace” of ten, 
or an hundred, or a thouſand inches, 
whilſt the weight or reſiſtance moves 
only through the ſpace of one inch; 
the perſon Who works the machine or 
engine (ſuppoſing it to have no friction) 
could raiſe ten, or an hundred, or a 
thouſand times as much weipht as he 
could do by his natural firength without” 
it, But the time that is Toft will be al- 
ways as much as the power that j is gained. 

The ſimple machines by which pow- 
er is gained, are fix in number; vis. 
the Lever, the heel and Ale, the 
Pullies, the Inclined Plane, the Wedge, 
and the Screw. Of theſe ſix ſimple 
machines, all the moſt compound engines 
are made: for we know of no other 
ſimple machines * which, er can 
be gained. 


1. A 1 5 | 


— | | AG 
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I. A lexer is a bar laid over any prop 
that will ſupport the weight upon it. 
If the prop be under the middle of the 
lever, no advantage is gained by itz for, 
as faſt as a man puſhes down one >, 
the power riſes on the other. TO gain 
power by it, the length of the Nas or 
arm between the man and the 
muſt be greater than the len gth of . 
part or arm between the prop and the | 
weight. And then, as much power 
will be gained as the length of the longer 
arm . the length of the ſhorter. 
2. If an axle turns upon its gudg- 
eons, and is fixt into a wheel; and if 
a rope that raiſes the weight coils round 
the axle, whilſt a man pulls a rope that 
was put round the wheel; the power 
gained will be as much as the diameter 
of the wheel, added to the diameter of 
the rope, wid the diameter of the 
axle added to the diameter of che rope 
that coils round it. 
3. In the pullies, the power gained 
is equal to twice the number of pullies 
in the lower block, 12 which the weight 
K 2 * 


0 432 


is ſuſpended. So that the power OY 
is always in proportion to the number 
of parts of the rope by which the lower 
block and weight are ſuſpended. | 
4. In the inclined Rade, or half 
e the power gained is as much as 
the len; 2th of the machine exceeds its 
'thicknek at the back, on which the 
ſtroke is given by the fledge c or mater 
that drives the machine. 
5B. In the wedge, the power nec 
is as much as the length of both the ſides 
of the wedge, taken together, exceeds 
the thickneſs of its back, on which the 
, blow 1 is ſtruck by the hammer or mallet. 
6. In the ſcrew, the power gained 
is as much as the circumference of the 
circle deſcribed by the working power, 
that turns the ſcrew, exceeds the diſtance 
between the threads or 85 of the 
ſerew. 3 
In the lever, the friction i is nothing 
In the wheel and axle it is as ſmall as 
the diameter of the gudgeons (added to 
the power required to bend the rope) is 
leſs than the diameter of the wheel; 
7 but 
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but it increaſes according to the weight 
with which the axle is charged. The 
like might be ſaid of the Pollies, if they 
did not © rub” againſt” one another, or 
-apainſt the ſides of the mortiſes in the 
| block where” they are placed. A new 
rope of 1 inch diameter, going over a 
pulley 3 inches diameter, and Pulled 15 
with a rer equal to 5 pounds, requires 
a force of 1 pound 5 bend it; an 
rope two inches diameter requires four 
times as much force. In the inclined 
a plane, wedge, and ſcrew, the friction is 
at leaſt equal to the power, becauſe 
they will ſuſtain the weight i in any po- 
4 ſition when the power is taken off. 
Wood greaſed, or metal oiled, have 
0 — the ſame friction 3 and the ſmoo- 
ther they are their friction is the leſs. 
Vet metals may be ſo highly poliſhed, 
as to have their friction increaſed on the 
N. of their Parts. 33 
Wood ſlides eaſier upon f Sd 
in wet weather than in oy; ealzer 
than an equal weight of iron in dry 
weather: but iron {lides eaſier than 


wood 
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wood FR wet weather. Iron . of etl 
running in braſs has che leaſt friction 
of any. Lead makes a great deal of re- 
Aiſtance. In woed acting upon wond, 
»greaſe. makes the motion at leaſt tmige 
aamealy. Wheel naves greaſed or tarred 
280 bout times as eaſy as when wet. 
Smooth ſoſt wood, moving upon 
Fngoth ſoft. wood, has a friction equal 
to about a third part of the weight. In 
.zough. wood, the friction is almoſt apa 5 
to half the weight. In ſoft wood-upo 
-ihard,or hard upon ſoft, t, the friction. 
| _—_ to u a Aith Fart. of e 
1 poliſhed; del moving upon. po- 
liſhed ſteel. or pewter, the friction is 
about a fourth part of the weight: on 

copper a fifth part, and on braſs a ſißth 
FS paitiof the weight. Metals of the ſame 
ſort have more friction than Aiken t 
ſorts. | 
In general, the Fiction increaſes in 
the fame; proportion with the weight. 
The friction is alſo greater with n. 
i er 


lm g Fn ____ 
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er velocity; - but not ſo great, in we” 
porting, as the increaſe of velocity. 
To have the friction of machine as 
little as poſſible, they ought to be made 
of the feweſt and ſimpleſt parts. The 
diameters of the be and Pane 
to be large, and the. gudgeons of the 
axles as ſmall as can be conſiſtent with 
their required ſtrength. The ſides of _ 
the pullies ought not to be all over flat, 
but to have a ſmall riſing in the middle, 
to keep them from rubbing againſt each 
other's ſides, and againſt the ſides of 
their mortiſes, at a diltance from their 
axles. All the cords and ropes ought 
to be as pliable as poſſible; and for that 
end, rubbed with greaſe. The teeth 
of the wheels ſhould juſt fit and fill the 
openings, ſo as neither to be ſqueezed! 
nor ſhake therein. All the parts which 
work into or upon one another ought 
to be ſmooth, the gudgeons ought juſt 
to fill their holes, and the working parts 
muſt be greaſed. The rounds or ſtaves 
of the trundles may be made to turn 
about * iron ſpindles fixt in the 
round 
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round end boards, which will take off a. 


great deal of friction. 


Let the ſtrength of all the mts be in 
proportion to the ſtreſs they are to bear; 
ſo as they may laſt equally well. He 
is by no means a perfect mechanic who 
does not only adjuſt the ſtrength to the 
ſtreſs, but alſo contrive all the parts to 
laſt ſo as that one {hall not fail before 
another. | 

When any motion is to be long con- 
tinued, contrive the machine ſo, as that 


the working power may always move 


or act one way, if it can be done. For 
this is better and eaſier performed than 
when the motion is interrupted, by the 
power's being forced to move firſt one 
way and then another; becauſe every 


new change of motion requires a new 
additional force to effect it, and a body 


in motion cannot ſuddenly receive a 
contrary motion without great violence, 
and danger of tearing the machine to 
pieces. But, when the nature of the 
thing requires that a motion ſhould be 


ſuddenly communicated. to a body, or. 
203 ſuddenly 


1 | 
ſuddenly ſtopt ; let the force a& a gainſt 
ſome ſpring, to prevent the nick 8 
being damaged by a ſudden jolt. 

When a machine is moved by two 
handles or winches on the ends of an 
axle; the handles are fo placed, as that 
when one is up the other is down: 
which is the worſt way poſſible of pla- 

cing them, ſave that of their being both 
up or down together. For, when a 
man raiſes a weight by means of turning 
a winch; he loſes half his force when 
the wing is upward, becauſe he puſhes 
himſelf as much backward as he puſhes 
the winch forward ; and when the handle 
of the winch is dun, directly below 

the axle, he loſes half his force, becauſe 
the winch pulls him as much toward it 
as he pulls it toward him: and there- 
fore, the greateſt effect of his force. on 
the machine is when he tither pulls the 
winch upward, on the fide of the axle 
next to him, or puſhes it downward on 
the fide fartheſt from him: yet, even 

in theſe caſes, the pulling force 1 is ſtron- 

ger e the puſhing. "ID 

LI In 
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In order to remedy this defect, as 
much as poſſible; the handles ſhould 
be ſo placed, as to ſtand at right angles 
to one another: and then, when there 
is a man at each handle, the effect of 
the one man's force will be greateſt 
when the effect of the other man's is 
leaſt, upon the machine. Whereas, in 
the common way of placing theſe han- 
dles, when the effect of one man's force 
is the greateſt, the other man's is ſo too; 
and when the effect of that man's force 
is the leaſt, ſo alſo is the other's; which 
is working at the greateſt Giladvectage: 
. | | 


/ 


A TY FIRE way of N dean the Sun's 
Declination right, againſt the days of 


| "the months, either on 4 circular or rec- 
rilincal Scale. 


The Sun 8 declination is uſeful on 
many accounts; and remarkably ſo in 
thoſe kinds of Sun dials which are fo 
conſtructed, as that they may be ſet 


true, 
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Ute in any place Where the Sin ſhines 
without the help of a meridian line 3 
becauſe, when they are truly level, and 
have dhe Sun's s declination laid down on 
their ſtiles, the dial itfelf being a circular 
plate placed on the middle of the ſtile, 
ny at right angles thereto; if the dial 
be turned about till the ſhadow of the 
circular plate touches the Sun's decli- 
nation for the given day, the dial will 
then be truly placed, and the ſtile (which 
will be in the plane of the meridian) 
will*caſt a ſhadow on the true ſolar time 
of the day. This is the caſe in M. 
Pardie's univerſal dial, which is one 0 
the beſt I know of; and which ” ki 
reader will find particularly deſcribed i in 
my Mechanical Le@ures, ſold by Mr, 
Cadell, Bookſeller in the Strand, Foe 
There are Tables near the beginning 
of this book which ſhew the quantity 
of the Sun's decination at the Noon © 
every day of the ſecond year after Leap 
year, which is the neareſt; mean of all 
the four years. But, as the declination 
ye ſeldom comes to integral degrees 
Et at 


F | * 
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at Noon, it is difficult by theſe Tables 
to know at what time of the day the 
declination will amount to compleat 
degrees without fractions; and conſe- 
quently it is difficult to lay down the 
whole degrees thereof againſt the pro- 
per times of the days of the year, in a 
ſcale of months; although every day 
in the ſcale ſhould be divided into four 
equal parts, each whereof contains, 6 

hours. 
To avoid this difficulty, I have £9 
culated. the following Table, for ſhewing 
the times, to the neareſt hour of the 
day, when the Sun's declination amounts 
to compleat degrees without fractions. 
Thus, ſuppoſing it was required to find 
on what days of the year, and at what 
hours of theſe days, the Sun's declina- 
tion was juſt 9 degrees? Look for 9 
in the ut ae columns, and againſt 
it you will find April 12, at 16 —_ 
(reckoned forward from the Noon of 
the day) Auguſt 3oth, at o hours (or 
at Noon Oddober 16th at 3 hours paſt 
Noon, 
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Noon, and Feb. 25th at 1 hour has 
Noon. 
Now, if the 36 5 days af the y | 

be laid down on a ſcale, and each * 
be divided into 4 equal parts thereon, 
in ſhorter ſtrokes than thoſe which mark 
the Noons of the integral days; l 
ſubdiviſion by the ſhorter Kreer wil 
repreſent 6 hours, and any one may 
truſt to the accuracy of his eye in pla 
cing the diviſions. for the whole debe. | 
of declination at or between theſe ſub⸗ 
divitions of the days, as they are ſhewn 
by the Table to be at o hours (or Noon) 
6 hours, 1 2, 75 18 hours after Noon ; 
or at apy. time rey or ey LE 


« 
{ 


4 Table 
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2 7 * ? 133 _ 74 F er oe "2 b 
Table ſhewing at what times the Suni's 

declination is whole degrees, and his 
_” Place in rhe Ech Pptio « at thoſe times. 


lipation 
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Tour's Place | © Rom 85 un's TER 
a ee 
. 17585 3 | 67% 4 Edliptic. 
3 b. 2 1 4 $3 7 # 
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The Table concluded. 


„* 


_ 


3 


[South De- 18 South Bes 
| 5 | clination bear e 5 1 ' clination Peper 
@ | creaſes Eclipte. > ibn Ecliptic. 
Deg Mon. D.H.S. 67 | Deg. Mon. B. 8. 5 Ty 
"ks _ 243 — — — 

0 Sept. 22 171 83 2 9 0 © 
i 2 33 JJ 23 89 
2 27 © 6.4 22 19 56 
3 733]] 22 14] 25 56 
+ JOG 2 23 10 5 J. 20 10 0 52 
9 £ x3 12 39 I - 
6 8 15 17 18 9 9] 
| . 10 18, 17 49 8 12 48 
8 13 11 20 27JJ 16 16 14 
91. 16 23 71. 19 7 
10 18 31% „% coll 1&4. {1 22 37 
11 21 16 28 3713 25 38 
12 24 III 1 27 JI 12 28 33 
13 27701 4 22 11 146 J 38 
14 30 10 7 23 10. OT 
| 15 Nov. 2 13} 10'31fÞ 9. 6 53 
16 5 19 1346JÞ 8 9 32 
17 A 3 1315 2 12K. 
| 18} © 12-208] 85 6 | 14 48 
19 | 16 17] 24 47 5 17 21 
1 ar. at a6 4 19 55 
21 25 21 E 22 271 
22 Dec 1 9 10 _ 4 I 2 24 59 . 
Hl 10 -; 1K 4138 +7. Þ 27 27 
ai 0 1 
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A Table ſhewing the Latitudes and Longi- 

undes of a great many remarkable Pla- 
ces; and what the times are at London 
when it is Noon at thoſe places. 

N. fgnifies Worth Latitude, S. South 
Latitude; E. Eafi Longitude, W. 
Weſt Longitude, from the meridian of 
London: F. Forenoon, and A. Fer 

noom, at London. 


Noon at Latitude. Longitude.] Time at London, 
0 } dy „ 

Aberdeen $57 40 N.ki An 7 A, 
Abo 160 30 N. 21 30 E. X 34 F. 
Adrianople 42 oo N. 26 30 E.] X 14 F. 
Aleppo 36 3% N. „ii EEIX a9; F. 
Algiers 36 40 N.Fi gab B. MI 7 F. 
Amſterdam % % N. F. 
Annapolis Royal 45 oo N.] 64 oo W. IV 16 A. 
Archangel 64 34 N.] 39 oo E. IX 24; F. 
N | 147 oo N.] 5 00 E.] VIII 40 F. 
Azoph 147 i; N. 4400; E. IX 4; F. 
Bagdat 33 20 N.] 43 oo E. IX 8 F. 

Barcelona 41 20 N.] 2 oo E. XI 3 3 Rs 
Bafil 47 % N. 16: 7 40. EY XI 29 F. 
Batavia 6 00 S (106 Oo E. IV 55 F. 
Bencoolen 4 00 8 101 O E. V 16 F. 

Berlin inne 6 
Bern J o N. | 5% F. 
Bolo £44 20 N. 1: 26 1 F. 
Bomba by 18 30 N. 72 oo E. VII 12 F. 
Boſton 42 24 N. 71 oo W. IV 44 4. 
Bridge Town 13 00 N. | 59 oo W. III 56 A. 
Briſtol | 51 30 N.] 2 40 W. XII 1 A. 
Bruffels . * ct oo N.] 4 6 E. XI 44 F. 
Buda 47 40 N.] 19 20 E. X 43. F. 
Buenos Ayres 34 35 8. 58 26 W. III 54 A. 
Cadiz waa Ni n 24. 
Cairo (grand) 40 4 0-4 34 31 E. 1X 54 F 


Noon at 


Candy, i in Cl 


Cape Horn 
Carthagena | 
Cayenne 


Charles Town * 
Conſtantinople 41 


Copenhagen 
Gres . 
Cracow 
Damaſcus 
Dantzick 
Del ß 
Domingo, St. 
Dreſden 
Dublin 
Edinburgh) 
Erzerum 
Exeter 
Fenz 
Florence 
Geneva 
Genoa 
Glaſgow 
Goa 
Hague 
Hamburgh 
Hanover 
Havannah 
Helena, St. , 
Jago, St, Jamaica 
Jago, St. Cuba 
James Town 
JE 
Tpahan - 

Kin gſton, Jamaica 
Leghorn 
Leyden 

Lima 

Liſbon - -. 
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The Table continued, 


| Latitude: j Longitude | Time at London. 

0 CO RE H. M, 

8 00 N. 700 E. IVI 4 K 
J 23 25 N. 112 30 E. II 30 F. 
© [57 30 So] 90 odo W. IV 23e A. 

11 oo N. 77,00 W. V n 

5 oo N.] 53 oo W. II 32 A. 

32 30 N. 79 00 W. V : 16 A. 

41 O N. 29 O0 E. X 4 F. 

5) 41 N52 40:63} XD 5g Fo 

51 40 N.] 8,5 W.j XII 34 A. 

50 10 N.] 19 55 E. IX 40% 

33 15 N.] 37 20 E. IX 30 F. 

18 36 N. 34 22 E VII 23 F. 

28 00 N.] 78 30 E. VI 46 F. 

18 20 N.] 70 oo W. I IV 40 A. 

1514 o N. 13 36 E. XI 6 F. 

53 16 N.] 6 25 W. XII 26 KA. 

55 58 N.] 0 W. XII 12 

39 56 N.] 48 31 E. VIII 46 F. 

50 44 N.] 3 40 W. XII 15 A. 

33 30 N.] 6 OO W. XII 24 A. 

43 46 N,| 11 7 E. XI 10 F. 

16 12 NI 6 25 B. XI. 34 Ba" 

44 30 N.] 9 30 E.] XI 22 F. 

55 50 N. E 8 W. XII 16 A. 

15 31 N.] 73 50 E. VII 8 F. 

52 10 N 40 E. XI 48 F. 

54 00 N.] 9 40 E. XI 21 F. 

52 32 Nl 9 35 E. XI 22 F. 

23 00 N.] 84 oo W.] V 36 A. 

16 00. S.] 6 oo W. XII 24 4. 

18 20 N. 76 30 W. V 6 A. 

20 00 N.] 76 31 W.. V 65 A. 

37 30 N.] 76 oo W. V A. 

31 50 35 2 W IX 38 

32 ug. N. 52 ö E. VIII 28 F. 

17 30 N. 77 oo W. IV 8 A. 

43 30 N. 11 00 E. IXI 16 F. 

52 12 N.| 40% XI „ 

12 1 8. 81 34 W. IV 24 A. 

38 42 N. I 9 25 W. XII 23 oudir 

Mm 


Ne LINooyx 
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The Table continued. 
Noon at | Latitude, Loygitude. Time at London. 
1 1 1 
22 ; {51 30 N.] O 00 | — . 
Loui | | ied NeÞ 5cooss Will IE ia 
Madrid > | 2 T7 N. 15 1 eil 15 14 
Mahon Port 39 50 N.] 4 6 E. XI 44 F. 
Malacca „ 12 N. ia 9 B. V 42 E. 
Malaga 36 40 N.] 4 45 W. XII 19 A. 
Mantua 42 20 N. 11 15 R. XI 16 F. 
Mecca 21 20 Nit 43130 B. IX 6 F. 
Mexico, Amer. 20 00 N [103 35 W.| VI 54 A. 
Milan 45 26 Noi 9 25 B. XI 22 F. 
Moſcow $55: 46 Net, 35 $6 Bol} IX 29 F. 
Nanking 132 oO N.|118 30 E. IV 6 F. 
Naples Cl 40 61 N. 14 19 E. XI 3 F. 
Norwich 154 40 N. 126 K. XI 54 F. 
Nurimburg 149 27 NMI 11: 9 E. XI 15 F. 
Ormus 27 30 N.] 56 oo F. VIII 16 F. 
Oſnaburg 52 31 N.] 7 40 E. XI 29 F. 
Oxford S1 4 N. org! . XI 5 F. 
Palermo 138 30 N. 13 00 E. XI . 
Palmyra 133 Oo N. 39 oo E. IX 24 PF. 
Panama 9 00 N.] 82 oo W. V 28 A. 
Paris se e e oe ee 
* 5 117 30 N. 97 oo E. V 3 TS 
Peking 39 54 N. 116 28 E.] IV 14 F. 
Perth 50/25 N.] 3 10 W. XII 13 4. 
1 59 58 N. 30 20 E.] IX 58 F. 
Philadelphia 40 50 N. 74 oo W. IV 56 A. 
Plymouth 50 26 N.] 4 29 W. XII 18 A. 
Pondicherry 11 56 N.] 79 53 E.] VI 40 F. 
Porto Bello 9 33 N. 70 5% W. V 19 A. 
Port Royal, Jam. [17 30 N. 77 oo W. V 8 A. 
Portſmouth 50 48 N.] r 6 W. XI 6 F. 
Prague 150 00 N. 14 20 E. XI 5 F. 
-Preſbur 48 20 N. 39 30 E. PX 50 F. 
Quebec 49 55 N. 69 48 W. IV 39 A. 
Rhodes f 36 20 N. 28 oo E. X 8 F. 
Rome 41 54 N. 12 30 E. XE 10 F. 
Rotterdam 52 0& N. XI 49 F. 
Saliſbury. $1 G N. i og Well XIT Go A. 
Samarcand 40 o N. 66 oo RE. VII 36 F. 
Scanderooon 136 15 N. 1 37 0 E. IX 32 F 


Seville 
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0 1::79105 hs Table concluded. 


Noon at Je Longitude Ene; at 1255 
Sevilts ...-. n 6 00: W. Hf; 24.3 A. 
Siam © © 114 18 N. 100 50 FEY 09 i: 
Stockholm 859 20 N.] 19 25 El A 42 
Straſpurg 48 35 N. 7 i E. T A 29 F. 
Sure se 1e N. 92/25, E. Ju % F. 
Surinam ..- 16 30 N. S W 44 KM 
Tobolli 36 12 N.] 63 10 E.] VIL 27 F. 
Toledo J39 50 N. Fig W.] XII 1 A. 


Tripoli 32 54 N.] 13 10 EP XI 7 F. 
Turin 45 5 N. 54456 N 
Valladolid 41 30 N.] 4 50 W.] XI 19 A. 
Venice 45 25 N. i 4. BK. XT © 19 Bs 
Vera Cruz, Amer. s 30 N.[109 go. W. VI 46 A. 
Vienna 48 13 N.| 16 27 E. X 54 F. 
Dim 149 44 NN % % RF i 
Upſall 15% 52 N. 17:50 E. IX % F. 
Uraniburg 55 564 N. E 22:51 "BA 72 Jy Bot! 
Williamſburg 13%. 261 Ne 20 0 WA ke Ve A 
Worceſter $62 % 13 OE” YET 
York; Ex TS. 154 oo N.] 0 50 W.] XII I, 
New Yor 41 oo N. I 72 zo WE IY oa 
el +45] ' F323 32 N. 10.00 E.| XI 20 * x 
Zurick | 4 $9 N. K. 8 30 B. XI 26 F. 


'Widknever XII is . in this Table, 
it is to be underſtood to mean Mid-day, 
or Noon, at London; and the minutes 
which follow it are the number of mi- 
nutes after Mid-day, at London, when 


it is Noon at the place Wu which AII 
is found. 


Beſides the uſe of ide Table | in e 


ing the Latitudes and Longitudes of a 
1 M m 2 great 
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great number of places, it is uſeful to 
thoſe who make Sun-dials: For, if a 
dial be made for the Meridian of London; 
and as many places as the artiſt can find 
room for, be marked on the dial, againſt 
the like hours which front them in the 
Table; the ſhadow of the Stile will fall 
upon theſe places when it is Noon at 
them reſpectively. 

And, at any time ben the Suri ſhines | 
on the dial, if the time thereon be count- 
ed from the ſhadow to any given place, 
it will ſhew the time then at that place; 
which time will be before Noon, "f the 
ſhadow be not come- to the place ; or. 
Afternoon, if the ſhadow. be paſt the 
place; juſt as much as the interval on 
the dial is, between the given Place and 
the ſhadow of the Stile. | 
If the dial be made for any place 
whoſe Longitude is Eaſt from the Me- 
ridian of London, all the places to be 
marked upon the dial — be ſet for- 
warder than the hours which ſtand 
againſt them in the Table, by four mi- 
nutes of time for r degree of bean 

ä rude 


tude that RY * has for which the 
dial is to ſerve. But if the Longitude 
of the place for which the dial is made 


is Weſt from the Meridian of London; | 


all the places to be marked on the dial 
muſt be ſet backward from the times 
againſt which they ſtand in the Table, 


by. four minutes, of time of every degree 
of the place's Longitude. And then 


when the ſhadow of the Stile falls upon 


theſe places, it ll be Noon at them; 
which will be ſooner or later than at 
the place of the dial, according as the 
Longitudes of theſe places are Eaſt or 
Welt den _ VE a un * 


c 
* 
p 2 „ N * P 
# wy ad a on > CS: 
ww 18 a on; = * , 


"3" 
" Y t ' 
FRY ere * S * * * + 4 F< 7 
- 7 5 
- - ” 
# 13 " | f 0 0 * 
1 1 0 " #4 - 
(7 4 | 1 . N £3. 
8 1 * - — id 
, 3 » 6 4 4 p . * 
F - 


* 6 : 
wn A 1 4 8 * 
— ——— — — —— — — — 


＋ * — * 

* by 
: A E 19% 

7 

dt „ 


A Table for = . Engliſh Avoir- 
S alupoiſe poun zh . pan 
mueigbt. 


o 

- 
2 

= 
* 


2 155 
2 " | 
29 16 e865 
5 1.135 
10! 1 Se 
; Sul 363 
n inen 
0.09 1 123 
po 2 NE] * 1. 204 
0.8 y f Placantis/ * ' 0.72 
, 1.0204 Rochelle 8 ; ©** 0.8928 
G7 [Bone 87874 
o. 9345 | Rouen 1.1089 
1.089 | Hine: _;'! 00259 
5 o. 862 Tar 2 — 4 
12 el | 2 1 ee 
was | 5 
at's 14 a * 


« * - 1 > 4 * 
3 4% 4 
Pal 


- 0 


A Table | 95 acai ev E an 5 Foat 
with Foreign Wi in me liſh 
Inches. 


Inches. ; Inches. 
Engliſh foot 12.000 | Engliſh yard 36,000 
Amſterdam 11.172 | Engliſh ell 45-000 
Paris 12.788 | Scotch ell 45.000 
Rheinland 12.362 | Paris aune 46.786 
Scotch 12.061 | Lyons aune 46.570 
Dantzic | 11.297 | Geneya aune 44.7 
Swediſh 11.692 | Amſterdam ell 26.800 
Bruſſels 10.828 | Daniſh ell 24-930 
Lyons 13.458 | Swediſh ell 23.380 
Bononian 14.938 | Norway ell 24.510 
Milen foot 15.631 4 £1 vara 38-127 
Roman palm 8.779 | Madrid vara 39.166 
Naples palm 10.384 | Portugal vara 44.031 


Antwerp 
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Antwerp ell 27.170 | Portugal cavedo _ 
Bruel el. | 5 450 | Old nes foot I —— 
Brugel 1! 7 50 | Perſian arin _ 38. * 
Bononian brace 25.200 | The ſhort pike _ 10 88 
Romiſh brace 30.730 | of Conſtantinople 557 
Florence brace 42-919 be The long pike 27.920 


The e 54 Zales | of Gold and, | "uy 

A Tr roy ns Ly of gold is | worth: 48 
pound ſterling. | 
A Troy ounce is ä 4 ö 
Mei 6 penny weight is work 
four illings, arid a grain is worth 
tw “ pence; in coinage ſtandard. 

A Troy pound of ſilver (coinage 

ſtandard) is worth 3 pounds ſterling: an 
. ounce is worth 5 ſhillings; a penay 
weight is worth 3 pence, and a grain is 
worth half a farthing. 

A five Moidore 1 weighs I —* 
14 penny weights 15 gratis. A 
pound 12 ſh, picee weighs 28 

weight, 12 grains. A Gumes 5 4 
weight, 9 grains, A Mvidote 6 
weig ht, 22 grains; and a Piſtolt 4 p. W. 


8 gr. 
The 
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The Proervin 1 My in coinage. 


1 The Aaland: 15 Nerling 8557 is 11 


ounces 2 penny. weight of pure filver, 
and 8 penny-weights of copper. 
The ſtandard of ſterling gold is 11 


Troy ounces of pure gold and x. ounce 
of Alloy. 


Our gold is of equal fineneſs Wig the 
Spainiſh, French, and Flemiſh 3 but our 


ſilver coin has leſs alloy 1 in it than either 
F ak or eh me” wg 


. 3 4 3 + 


de weight naked? 70 Engl 7 Ty 


b bas wee 


. A hebel, 8 12. . 57 
grains. An hundred — or 31 5 


1 6 


2. I 5 OY IO gr. wake: a Talent.” 


0 
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Few 72 Or meaſure reduced fo Hog iſp 


Cern. meaſure. _ 


A Cab, 25 pints. An one, 52 
pints. A Seah, x peck I pint. An 
Ephah, 3 pecks 3 pints. A Lethech, 
16 * and an Homer Choron 32. 


Jew: 5 Liquid: meaſure reduced to el 5. 


9 Log, 3 quarters of a pint. A Cab, 
3 pints. 4 Hin, 1 gallon 2 pints. A 
Seah, 2 gall. 4 pints. A Bath or Ephah, 
7 gallons 4 pints. A Coron, or Homer, 
75 gallons 5 pints; all in wine meaſure. 


FewiſÞ money reduced to Engliſh. 


A Gerah, 1.36 d. A Bekah, 1 2 
1.7 d. A Shekel, 2 /h. 3.37 d. A Mina, 
6 J. 165. 10. 5 = A Talent of ſilver, 


342 J. 3 8. 7 A Shekel of gold, 1 7. 
16 5. ky, A Talent of gold, 5475 1. 


Nn Table 
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A Table ſhewing the I mereſt of any ſum 
The of money, from a Million to a Pound, 


for any number of days, at ay rate 
of ent 


* 


i | Sum, . L. 8. . 4; 
1000000 2739 14 6 O. 99 || 100] 2 14 9 2.14 
ooοοοο 2465 15 9 3.29 9 32.1: 

| Booooo | 2191 15 7 1.59 800 | 2 3 10 0.11 
700000 | 1917 16 1 3.89 700 1 18 4 1.0 

+ 600000] 1643 16 8 2.19 600 1. 12 10 2.80 

| 500000 | 1369 17 3 0-49 || goo] x1 7 5 370 

| 400000 | 1095 17 9 2.95 400 | 1 1 11 O. 50 
300000 | 821 18 4 1.99 300 o 16 5 1.40 
200000] 547 18 10 3.40 200 | © 10 11 2.30 

1000 273 19 5 1.70 100 © 5 5 3.15 
| goooo} 246 11 6 0.32 01 © 4:1, £471 
80009 219 3 © 0.96 © 80 O 4 41.4 
70000 191 15 7 1.59. | nn einn 
|.  ©0000,| 164 7 8 9.22 60 o 3 3 1.81] 
Joo] 136 19 8 2.88 „ . 
| , 40000 109 It 9 1.48 ||. 67 0 & 2 Jt 

ſ 30000Þ 92 3 106017 f 30% O 1 7 2:90 

20000 | 54 15 10 2.74 1 
10000 VV Ojo oo 6 0 
ooo ni 0 „5 
8000 | 2118 4 1.10 8] 0 0 5 1.40 
7000 19 3 6 2.96 4 2-41 
6o00 18 8 9 0.82 „ 3 3-70 

$ Jooog. ,13.13 1 2.588 $5 0:0 3 tt 
4000 10 19 2 O. 7 *Þ 4] 0 © 2. 2.52 
„ 1.80 
. os „ 9 0.7 [i a1 
el.. 9. 2, 14 | 11 o 0 © 2.63 


Multiply 


1275 J 

Multiply the ſum by the number of 
days, and the product thereof by the 
rate of Intereſt per Cent; then _ off 
the two laſt figures to the right hand, 
and enter the Table with what remains 
to the left; againit which numbers col- 
lected, you have the Intereſt for the 
given ſum. 


EXAMPLE. 


Qu. What is the Intereſt of 100 |. at 5 
fer Cent. for 365 days. 


Number of days 365 


multiply by 1001, 
the product is 36 500 
which multiplied by 5 Rate p. 9 


makes 1825 00 
Then, in the Table, 
I. s. d. q. parts 


1000 is 2 14 9 6.14 

Again 800 3 3 A 
20 „ 

5 „ — 


if 


by. 


1825 Arſw. 5 © © 0.00 
Juſt 5 Pounds: and in the ſame way | 
may he Intereſt of any other given 
number of Pounds may be found for 
any given number of Days. 
The decimals are Tooth parts of a 


farthing. 
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Tarn 


The preſent V. alue of an Annuity of one 
Pound, for any number of years not 
—_— on at 3 er Cent. 


| 
Value. 


W 
1.9135 
2.8286 
3.7170 
75797 
84172 
6.2303 

4.0197 
7.7861 
8.5 302 
9-2526 
9.954 

10.0350 
11.2961 
11-9379 
12.5611 
13-1611 


13.7535 
14.3238 


Eren. 


ITY 
2 


Value. 


bed 


17.8768 


18.3270 
18.7641 
19. 1884 

9. 64 
20.0004 


20. 3887 
20-7658 + 


21.1318 
21.4872 


($44 23 


1072 
9 4925 
22.8082 
23.1148 
23.4124 
23.7014 
23.9819 
24-254 3 


424.5187 
24.7754 


25.0247 
25.2667 


26.5017 


25.7298 


Value. 


3599812 | 


26.1662 
26.3750 
26.5777 
20.7744 
26.9655 
27.1509 


27.3310 


27. 50 15 
27.6750 


27.8404 


28.0003 
28.1557 
28. 3065 
28,4529 
28.7950 
28.7330 
28,8670 
28.9971 
29.1234 
29. 2460 
29.3051 
29.4807 
29.5929 
29.7018 


29.80% 


30. 4666 


31.4377 


Value. | £ 


29.9103 
30.0100 
30 1068 
30.2008 
30.2920 
30. 3806 


30. 5 501 
30 6311 
30. 7099 
30.7863 
30.8605 | 
9-933 1. 
31.0024 
31.0703 
31.1362 
31.2001 
31.2622 
31.3224 
31. 3809 


31.4928 
31.5463 
31.5984 | 


The value of the Perpetuity is 337 Tears Purchaſe, 


TABLE 


1 2 2 
* g * 
* bk. . 2 
q "If * | 
5 — ; 


Ta BLE II. 


The preſent Value of an Aunuity of one 
Pound, for any number of | years. not 


exceeding 100,; I at ts at 3+ per 
Cent. 


— 


— 
7 


[ 5 I N 


Sen See 


* Ld 


Value. 


” 


0.9062 
1.8997 


2.8016 


3-6731 

45151 
5.3280 

6.1145 

1 8740 

9027 

8. 3166 

9.0015 

9.6633 


10. 3027 
19.9205 


11.5174 
12.0941 
12.6513 
13. 1897 
13.7098 
14.2124 


14.6980 


15.1671 
15.6204 
16,0584 
10.4815 


20. 2905 
20. 5705 
20.8411 
21.1025 


21.36 51 
21.5991 


21.8349 
22.0627 


22.2828 
22.4955 
22.7009 
22. 8994 
2 12 
= $4474 
2 3-4550 


751 26. .4067 | 


26.4 


27 0887 
27.1388 


27.5 203 


Value. 
| 


26.5506 * 
26, 8155 i 
26,6850 
26.7488 
26.8104 
26. 8700 
26.9275 
26.9831 
27.0368 


„ 


2718734 
27.2341 
27.2793 
27.3230 
27.3052 
27. 406 
27.4454 
27 4838 


27.5558 
27.5902 | 
27.6234 
2 .6 4 


The value of 4 Perpetuity is 28 years purchaſe, 


TABLE 


The preſent Value of an Annuity of one 
Pound, for any number of years under 
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TABLE III. 


:I00, Intereſt at 4 per Cent. 


— 


ben] 
| Value. <] Value. f Value. 5 Value. 
18 wy * = = 
11 2 4 Hl 
+ x] 5.9615 [26] 15.9827 [51] 21:6714 | 76] 23.7311 | 
| 2] 1.8860 f 16.3295 [52] 21-7475 | 77] 23-7799 
1 3} 27750 [28] 19.6630 [53] 21.8726 | 78| 23.8268 
4| 3.6298 29 10-9837 |54| 21-9929 | 79] 23.8720 
| 5| 4-4518 [zo] 17-2920 [55] 22.1086 | 80] 23.9153 
; $.2421 31 17.5884. 56 22.2198 81 23.9571 
| 7| 6.0020 [32] 17-8775 [57] 22-3267 | 82] 23.9972 
8 6.7327 |33] 18-1470 |58] 22.4295 | 83] 24.0357 
| 7.4363 [34] 18-4111 [69 22.5284. 24.0728 | 
"rol 8.1108 [35] 18 6646 [60] 22.6234 24.1085 
11] 8.7604 36] 18.9082 [61] 22.7148 24.1428 
12] 9.2850 |37] 19-1425 |62| 22.8027 24-1757 
13] 99856 138] 19.3678 [63] 22.8872 24.2074 
14 10 5631 [39 19-5844 [64| 22.9685 24-2379 
15] 11.1183 [40] 19.7927 [65] 23.0460 | 24.2072 
16] 11.6522 410 19.9930 [660 23.1218 24.2954 
17] 12.1656 142] 20.1856 [67 23.1940 24.3225 
18] 12.6592 43] 20. 370% [68] 23.2035 24.3480 
19] 13.1339 44] 20.5488 69] 23.3302 24.3736 
20] 13-5903 |45] 20-7200 0 23.3945 24.3977 
21] 14.0291 46 20.8846 |71] 23.4502 24. 4209 
22] 14-4511 4/7 21.0429 |72] 23-5156 | 24 4431 
[23] 14.8568 [48] 21-1951 |73] 23-5727 24.4640 
24 15.2469 [49] 21.3414 [74} 21.6276 24 4851 
251 5.6220 (50 21.4821 751 23.6804 24. 5049 


» " ao 
3 „ þ. | 
BEL 
% 


The preſent Value of an Annuity of one 
Pound, to continue ſo long as a Life of 
a given Age is in being, Intereſt being 


eſtimated at 3 per Cent. 


8 


{TC p 

TABLE 
* — 

8 = * , * 1 


1 ++ | 5 i +: EG. At, F 
5 Value. 5 Value. 08 Value. 
1}. 15:05! © [26] 17.50 (51 12.26 
2] 16.62, 27 17.33 ' [52] 12.00 
3} 17.83 [28] 17.16 53] 11-73 
1 44.18.46, [29] 16.98 54 11.46 
1! 18.90 30 16.80 [55]. 11.18 
619.33 [31] 16.62 66 10.90 
7]. 19.60 321 16.44 (57 10-61 
80 19.74 |33] 16.25 58] 10.32 
9119.87 34 16.06 [59] 10.3 
[:o] 19.87 35] 15.86 Jbol. 9.73 
110 19.74 36 15.67 ol} 9.42 
12] 19.60 [37] 15.46 . oz}. 9-11 
13] 19.47 38] 15.260 fe 8.72 
14] 19.33 39 15-95 fe 8.46 
150 19.19 40] 14.84 og], 8-13 
16] 19.05 141 14.63 : 66]. 7.79 
17] 18 90 |42] 14.41 67] 7-45 
18] 18.76 43] 14.19 68} 7-10 
19] 18.61 (44 13.95 (69 6.75 
20 18.40 45 13.73 /o 06.38 
210 18.30 [46] 13.49 [71] 60 
22] 18.15 47 13-25 72 5 63 
23] 17.99 48 13.01 173] 5˙25 
24 17.83 (49 12-70 74] 4-85 
Eg 27.66 50 12.81 78 445 | |: 


TABLE 


The preſent Value of an Annuity of one 
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TABLE II. 


Pound, to continue ſo long as a Life of 
a given Age is in being, Intereſt = 
 efimated at 3. 19 Cent. 


my „ od at Ras buy | 
nw - OO ON Ow yt = 


82 — — 
O © CON 


d 
= 


I 


LS) 


* 


N 
on 


th d 
n Þ 


— 


Value, 


14.16 
15:53 
16.50 
17.09 
17:46 
17.82 
18 059 
18:16 
18.27 
18.27 
18.16 
18.05 
17-94 
I7.82 
17.71 
87-59 
17.46 
17-33 
17.21 
17.09. 
16.96 
16.83 
16.69 
16.56 


16.42 8 
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TABLE I. 


The preſent Value of an "Gi of oy 
Pound, to continue ſo long as a Life of 


a given Age is in being, I. ntereſt being 


e at 4 per Cent. 


— — 


O 0 2 


5 1 
5 Value. 5 Value. 5 Value. 3 Value. 
| | ; | 
— = — — — - 3.8 
i] 13 36 30 15.19 Ie v1.39: BN 1266908 
21 14.54 {|27] 15.06 52 1092 77 3-11 
3] 15-43 28] 14.94 53] 10.70 7 2.7014 
44 15.89 29] 14 81 54] 10-47 7 2.28 
5 16.21 30] 14.68 col 10.24 JO] 1.95" 1 
6] 16,co 1331 14.54 _ 08 071 31] 1.40, | 
7] 16.64 (320 1441 (6) 9.57 x ogg | * 
81 16.7 33] 14.27 58] 9.22 [33] 0.48 
9 16.8 34 14.12 59] 9.07 34] o oo 
10] 16.88 35] 13.98 0 971 35] co. oo 
It] 16.79 3613.82 61] 8.45 9 
12 16.64 37137 Dal 528 
13} 16.60 338 13.52 63] 890 
14] 16.50 39 13.36 64 7.92 
15] 10.41 4c| 13.20 oe. 7,62 
16] 16.31 #41] 13.02 6] 7.33 
17] 16.21 42 12.85 671 7 02 
18] 16.10 43] 12.68 8] 6.71 
19] 15-99 [44] 12.50 9 6.39 
20] 15.89 45] 12 32 70] 6.06 
21] 15.78 46 12.13 73 -a72 
22] 15.607 47] 11.94 72] 538 
23] 15-55 [48] 11.74 173] 5.2 | 
24] 15-43 [49] 1154 74/ 4-66 | 
[25-15-32 5011.34 75 4 29 N : 
| Beſides 
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Beſides the uſe of the firſt . of 
theſe Tables, as expreſſed by their titles, 
they ſerve likewiſe to reſolve the que- 

ſtions concerning compound TROP? as 


1. To find the preſent Value 710. 


payable 7 years bence, at 3+. per Cent. 
From the preſent value of an Annuity 


of x J. certain for 7 years, which, in 
Table II. is 6,114. 5, I ſubtract the hke 
value for 6 years, which is 5.3286; 
and the remainder . 78 59 is the value 
of the 7th year's rent, or of 1 C. paya- 
ble after 7 years; which multiplied by 
1000 gives the anſwer 785 L. 18%. 


2. If it be aſked, what will be ihe 
Amount of the ſum 8 in 7 years at 3- 
per Cent? Having found .78 59 as above, 
tis plain the amount will be - 57 a 


If the queſtion is, In what tims a 
hs 8 will be doubled, tripled, or increaſed 
in any - given Ratio at 3, 31, &c. per 
"ig I take in the proper Table two 
1 numbers, whoſe difference is 


= 1 | neareſt 
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neareſt the reciprocal of the Ratio ie 
as „ :, &c. And the year againſt the 
higher pi e is the Anſwer. 

Thus, in Table I. againſt the years 
22, 23, ſtand the numbers 15.9639 
and 16.4436; whoſe difference. 5067 
being a little — than . 5, or 2, ſhews 
that in 23 years, a ſum S will be a little 
leſs than doubled, at 3 per Cent. com- 
pound Intereſt. And againſt the years 
36 and 3) are 21.8323, and 22. 1672 
the difference whereof being 3349, 
nearly 2, ſhews that in 14 years more it 
will be de tripled. | 

If more x; is required, = 
the adjoining difference, whoſe error is 
contrary to that of the difference 
found; and thence compute the pro- 
portional part to be added or ſubtracted, 
Thus, in the laſt of theſe Examples, the 
difference between the years 37 and 
38 is .3252, which wants . 0081 of 
$3333 (=), 4a other difference 
3349 exceeded it by . O0 16. The 38th 
year is therefore to be divided in "E 
Ratio of 16 to 81; that is +5 of a 


* 
year, 
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year, or about 2 months to be added 
to the 37 years. 


1. To find at what Rate of Interęſ I 
ought to lay out @ ſum 8, jo as it may 
increaſe *. for Inſtance, or become + S in 
7 years. Here the fraction I am to look 
for among the differences is 2, or the de- 
cimal .75, which is not to be found in 
Tab. I. or II. till after the limited time of 
7 years. But, in Tab. III. the numbers 
againſt 6 and 7 years give the difference 
7599; and the Rate is 4 per Cent, 
nearly. 13 


So far Mr. Dx Moivas on this Subjet?, 


In queſtions concerning the Values of 
Lives any how combined, recourſe muſt 
be had to Mr. De Moivre's laſt Edition 
of his Treatiſe on Annuities. 1 

De four forming Tables, and the 
Remarks on them, are alſo copied from Mr. 
Dx Moivaz's Book on the Dodirine of 

may The 
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The Probabilities of Human Life, accord- 
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570 
569 
560 | 


ad 


| | 994 711 | 55: 446 
16 947 | 3* | 699 [56] 434 
1 74 939 32 687 |57 | 421 
| ?4 9133 [33] ®75 | 58] 408 
9 224 | 4] 0s ij 59.F 395 
4 10 895 1 38 655 3 60 302 
12 378 37] 635 | 62] 35 
14134 870 | 38 | 625 | 63 343 
14 393 39 615 | 64] 329 
ts | 350 [40 | bog | 66] 315 
16 849 | 41] 596 | 66 301 
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Fa BLE IV. 


By Meſlrs. Smart-and Stmp/or. 


# ,* N 
a 


+ 


* 
Z 
| 6 93 
W- Be 1 | 196] 7 & 
; 3 | 331 | $2 | 1880} 68-1 81 
580, | 2t | 455Þ 37 [+322 | 53 | 1867] 75 
* 5 3831354 | 172% 1 
| 3930455 165 4. 
| d [294 | 56 | 158 | 72-f 59 
[582 [2514201 45 [1284 | 57 fagu | 73't 5 
ſo]: 59, [28141 5472 58 144 1149 
817 274 462649137 7545 
| 4 255 | 60 1307641 
. 6112377 38 


© O Oneawn » 


2 ——__— 6. 
—_— _ 
- 4 


23762 1 7835 
228 631147932 
*220 | 64} 05” o' 2 


| Þ 
Manet on ; theſe he 7 * F 125 Pro- | 
abilities of Human Life. | 1 


The firſt Table is that of Dr. Halley, 
compoſed from the bills of Mortality 
of the city of Breſſaw; the beſt, perhaps, 
as well as the firſt of its kind: and 
_ will always; do honour to the 


judgement 
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;ojdcht and fagatity of i its  cxedllent 
author. LEEDS. e ; 

The next is x Table ef. che 50 genious 
Mr. Ker ſſeboom, founded chiefly - upon 
Regiſters © of the Dutch Aninvitants, 
carefully examined and c compared for 
more than a century backward. ' And 
Monfieur de Parcitax by a like uſe of 
the liſts of the French Tontines, or long 
Annuities, has furniſhed us Table III; 
whoſe numbers were likewiſe vetified 
upon the  Vecrologies. or mortuary Re- 
giſters of ſeveral religious houſes of both 
ſexes, n 
Tro theſe is adde a Table FP: Meſtieurs 
Smart and Simpſon adapted particularly 
to the city of London; whoſe inhabi- 
tants, for reaſons too well known, are 
| ſhorter lived than the reſt of-mankind, 

Fach of theſe Tables may have its 
particular uſe: the ſecond or third in 
valuing the better ſort of lives, upon 
which one would chooſe to hold an 
Annuity; the French may ſerve. for 
London, or for lives ſuch as thoſe of its 
inhabitants _—_ be ſuppoſed to be: 


P p 2 while 
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while Dr. Halleys numbers, falling be- 


tween the two extremes, ſeem to.. ap- 
proach nearer to the general courſe of 
nature. And in cafes of. combined 
lives, two -or more of the Tables may 
Perhaps be uſefully. employed. 
Beſides theſe, the celebrated Monsieur 
de Buffon * has lately given us a new 
Table, from the actual obſeryations of 
Monſieur d Pre de St. Maur of the 
French Academy. This Gentleman, in 
order to ſtrike a juſt mean, takes three 
populous pariſhes in the city of Paris, 
and ſo many country villages as furniſh 
him nearly an equal number of lives: 
and his care and accuracy in that per- 
formance has been ſuch as to merit the 
high approbation of the learned editor, 
It was. therefore propoſed to add this 
Table to the reſt ; after having cleared 
its numbers of the inequalities that ne- 
ceſſarily happen in fortuitous things, as 
well as thoſe ariſing from the careleſs 
manner in which Ages are given to the 
Pariſh Clerks; by which the years that 


* Hi Wteire W Tom, II. cla 
gs are 


. 


4 
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are multiples of 1 O are generally over- 
loaded. 

But "this" having £8 done with all 
due care, and the whole reduced to Dr. 
Halley's denomination of 1000. infants 
of a year old, there reſulted only a mu- 
tual .-. ng of the two Tables; 
Mr. du Pres Table making the lives 
ſomewhat better as far as 39 years, 
and thence a ſmall matter. worſe than 
they are by Dr. Halley's. 

We may therefore retain this laſt as 
no bad ſtandard for mankind in general; 
till a better police, in this and other 
nations, ſhall furniſh the proper Data 
for correcting it, and for expreſſing the 
Decrements of life morę accurately, and 

in larger numbers, 


| 
[ 
! 
N 


e ͤ— K ²‚ 


. — A 


g 

| 

1 

' 
4 
* 1 
| 

| 
1 
| 

5 

| 


and the ſecond part 
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A Table; the 22 part whereof ſhews the 


C height to which a Barometer. muſt. be 


raiſed above the plane ſurface of the 
Earib, in order that the Mercury may 


and at any given height in the Ti Wo ; 


bers at what 


* height the Mercury will land in the 
Tiube, when the ae is raiſed 10 
any given beige. above the Ear a 5 


7 7 * 


eig Height po the | 
Mercury in 
Mercury 0b Hau ſurface. eter above | inches, 
fin inche :{]the Earth. nt 
— — . — 21 II 
4 30.000 | Feet of Feet o 
29.000 915 E 1000 = 
So 1862 |] 2000 7795 ; 
27.000 | 2844 || 3000 26,85 
26.000 3863 4000 25.87 
| 25.000 | 4922 5000 24.93 
, 10947 Miles 1 24-07 
18715 2 20.2 
29662 3 16.6 
48378 4 13.72 
91831 5 11.28 
110547 10 4-24 
129262 || 20 1.60 
| 29 miles, or 153120 "14 0.95 
41 miles, or 216480 30, o. 23 
1 miles, or 279840\] 40 . o8 


5 54 hs. 2 
* ö : 5 
* 1 bY i 
N I 23 


* 


its 2 be divided by 7 lines into 
ſo many portions or tors of Circles, 


in the ahove proportions, and the: re- 
if ſpective colours be lively painted in 
theſe ſpaces, but ſo as the edge of each 
colour may be made nearly like the 
colour next adjoining, that the ſeparation 
may not be well diſtinguiſhed by the 
eye; and the top be ade to ſpin, all 
theſe colours together will appear white. 


And if a large round black ſpot be 


painted in the middle, Jo. as, there may 
be only a broad flat ring of colours 
around it; the experiment. will ſucceed 


the Wh” „ 
i is the leaſt ref ran gible of all co- 


next, green the nan Baus the n nex t, in- 
digo the next, and violet thy moſt of 
all 5 

Ir. Edward Delaral, F. R. d fins 
found, by experiments on melting dif- 
ferent metals with pure glaſs, that they 


colour the glaſs according to their differ - 


ent denſities or ſpecifio gravities; the 
| moſt denſe giving a red colour to the 


2 glass, 
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glaſs, and the leaſt a blue or violet. 
Thus, gold melted with glaſs makes it 
red; lead melted with glaſs, gives it 
an orange colour; filver a yellow; 
copper a green; and i iron a blue. 


Colours 3 7 the mixture 1. colour- 


4 


Spirit of pine FRA with f irit of vitriol make a "or i 

Solution of mercury rh with oil of tartar, orange. 
Solution of ſublimate and lime-water, Zu. 
3 5 roſes nf aide of 1 8 Ll green. 

Solution of co and ſpirit o -armon 4 
Tincture of les and wii of wine, Blue. * n. 
Solution of ſublimate and ſpirit of ſal 1 white. 


— o - = 


Q, a by * mixture oe colured 
4 an 


Tincture of laffon, POR is yellow, 
mixed with. tincture of red rote, make 
a 1 
Tincture of violets, which is wwe; 


and ſpirit of Ru which i is Arne 
make a gs” 


Tina ure 


Tincture of red roſes, which is red, 
and ſpirit of hartſhorn which is brown: 
iſh, make a blue. 

Tincture of violets, 9 is 1 
and ſolution of Hungarian ritriol; - "hich 
is blue, make a purple. | 

Tincture of violets, abit is i blues 
and ſolution of copper, which is Sreen, 
make a vialet. 
Tincture of cyanus. (blue-bortle fow- 
er) which is blue, and ſpirit of ſal armo- 

niac coloured blue, make a green. 

Solution of Hungarian vitriol, which 
is blue, and lixivium, which is brown, 
make a yellow. 

Solution of Hungarian Azel which 
is blue, and tinQure of red roſes, make 
a black. 

Tincture uf cyanus, which is blue; 


and volution of copper, which is green, 
make a r. 


Colours changed, and reſtored. | 


Solution of copper, which is 3 
by ſpirit of nitre is made colourleſs ; 
and is again reſtored by oil of tartar. 


2 wil 1 Limpid. 
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Lipid infuſion of galls is made black 
by a ſolution of vitriol, and tranſparent 
again by oil of vitriol ; and then black 

again by oil of tartar.  ' © 

Tincture of red roſes is Sade black 
=; a ſolution of vitriol, and becomes red 
again by oil of tartar, - © 
A ſlight tincture of red roſes, by 
ſpirit of vitriol becomes a fine red; wes: 
by ſp irit of ſal armoniac turns green; 
and bs by oil of vitriol becomes "yy 

again. * 

Solution TY vedigreaks, Which 
green by ſpirit” of vitriol becomes co- 
lourleſs ; then, by ſpirit of ſal armoniae 
becomes purple; and then, by oil of 


wl becomes colourleſs again. 


The | quantity of Bud u of. Water on 
' the Farih's farface. 2 5 


I )he ſeas and adhd parts of the 
Earth (by a meaſurement of the beſt 
maps) contain 160,522, 026 {quare 
55 the inhabited parts 38, 990, 569: 
Lorppe, 4456, 065; Aſia, 10,768,823; 
Africa, 


* 


- . * 
4 5 Fang * * 


* 7 


Africa, 9, $64,807 ; ; and America, 
14,110,874. In all, 199, 512, 59 5; 
which is the number of ſquare miles on 
the whole ſurface of the Earth. I. 


We weight of the whole Arms nide” 5 


On a ſquare! inch, it is 1 5 pounds; - 
on a ſquare foot, 2160; on a ſquare 
yard, 19,440; on a ſquare mile, 
60,217,344,000; and on the whole 
ſurface of the Earth, and. Sea together, 
12,014, 1 18, 565, 447,680, ooo pounds. 
The ſurface of the body of a middle 
ſiz d man is about 14 fquare feet; and 
as the weight or preſſure of the air is 
| equal to 2160 pounds on every ſquare 
foot on (or near) the Earth's ſurface; 
and as the preſſure of the air is equal 
in all manner of directions, its preſſure 
on the whole body of a middle ſiz d 
man is equal to 30,240 pounds, or 132 
tons. But, becauſe the ſpring of the 
internal air is of equal force with the 


preſſure of the external, the preſſure is 
not felt. 


The 
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The diameter and circumference of: the 


E fb ifble far! of a cloudy .. 


> The Wet diſtance of the Gesc, 
in the 8971280 at ſea is 94 miles from 
the obſerver, all around; and conſe- 
quently, the whole extent or diameter 
of: the horizon, reaching to the clouds, 
is 188 . and the circumference 
thereof i is 590. 97 miles, | 


«a# +, 1 


| 235 valet f Light. 


17 97 has been proved, by. the eclipſes 
of Jupiter S. Satellites, that light takes 
8 minutes of time to come from the 
Sun to the Earth. And as the Earth's 
diſtance from the Sun Is g 5,000,000 
miles, in round numbers, tis plain that 
the velocity of light is 11,87 5,000 miles 
in a minute, and conſequently 197,916 
miles in a ſecond; which is 1, 486,4 58 
times as ſwift as e cannon 
ball, and 19,440 times as {ſwift as the 
Earth moves in its annual orbit. 


1 


The 
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= be welicity of Sound. - 


” vi to Dr. Halley, Mr. Plains 
feed, and Mr. Derham, ound moves 
1142 feet in à ſecond of time, 685 20 
feet in a minute, and 778, K miles ir 
nene e 
Hence we nl Low! Sui tun 
der cloud is from us, if we have a-watch 
that ſhews ſecqonds. Thus, ſuppoſe 
there were four ſeconds from the mo- 
ment we ſee the flaſh of lightning: to the 
moment we hear the clap. of - +bwnder; 
tis plain that the cloud which produeed 
the thunder is four times 1142 feet, or 
4.568: feet from 18 cb is g | 
tour: fifths of a mile. 


7%. 20 2906 + 


The cauſe of the ebbing * e eke 
fea at 706 JOE on” 751 5 * of 
| r og N 7 71G 221 


The reaſon abbey thier tides ad on i the 
feat of the Earth which is at any time 
turned towards the Moon, is plain to 
_ one; becauſe her attraction muſt 


- occaſion 
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occaſion à ſwelling of the waters to- 
ward her on that fide: but .the cauſe 
of as great a ſwell, at the fame time, 
on the pode fide of the Earth, which 
is then turned away from the Moon, 
has been very hard to account for; be- 
cauſe the riſing of the tide there is in a 
direction quite "contrary to the attraction 
of the Moon. But this difficulty is 
immediately removed, when we con 
ſider, that all bodies moving in circles 
have a centrifugal force, or conſtant 
tendency to fly off from the centers of 
the circles they deſcribe; and this cen- 
trifugal force l is always in proportion to 
the diſtance of the body from the center 
of its orbit, and the velocity with which 
it moves therein. 
When the body is large, the ſide of 
it which is fartheſt from the center of 
its orbit will have a greater degree of 
centrifugal force than the center of 
the body has; and the ſide of it which 
is 2 the center of its orbit will have 
a leſs degree of nee n than 
Its'center has. n 0. 3 
OOOEISH | 8 
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As the Moon goes round the Barth 
avery! month in her orbit, the Earth alſo 
goes round an orbit every month; which 

is as much leſs than the Moon's orbit, 
as the quantity of matter in the Moon 


is leſs than the quantity of matter in 
the Earth, which is 40 times. For, by 


the laws of nature, when a ſmall body 


moves round a great one, in free and 


open ſpace, both theſe bodies muſt 


move round the common center of ow 
vity between them. 


The Moon' s mean diſtance Ga the . 
Earth's center is 240,000 Engliſh miles: 


divide therefore this diſtance by 40, the 


difference between the quantity of matter 
in the Earth and Moon; and tlie quo- | 


tient will be 6000 chiles; which is the 
diſtance of the common center of gra- 


vity (between the Earth and en 


from the center of the Earth. 


Now, as the Earth and Moon move 


round the common center of gravity 
between them, once every month; tis 
plain, that whilſt the Moon moves round 
her orbit, at 240,000 miles from the 
THR x Earth 8 
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Barth's center, the center of the Earth . 
deſcribes a circle f 6000 miles radius, 
Found the center of gravity between the 
Earth and the Moenz the Moon's at- 
traction balancing the centrifugal force 
4 of the Harth at its center. ' 
Ihe diameter of the Earth is 8000 
miles, in round numbers, and conſe- 
quently its ſemidiameter is 4900: ſo 
that the fide ol the Earth, which is at 
any time turned toward the Moon, is 
4000 miles nearer the common center 
bol gravity. between the Earth and Moon 
than the Earth's center is; and the ſide 
of the Earth, which is then fartheſt from 
the Moon, is 4000 miles farther. from 
the centet of gravity between the Earth 
and Moon than the Earth's ter is at 
that time. 
re 3 pine: 9 pe log wh 
1 by the parts of the Earth 
which come HEE toward the, Moon, 
by the Earth's diurnal motion, is 2000 
miles; thę radius of the circle deſcribed 
by the. Earth's cedter is 6000; and the 
radius of the circle deſcribed by thoſe 


L ts 


4s 1 


L. 3 4 7 J 5 


on its axis, ate furtheſt ſrom the Moon, 
i 1000 miles. tio hi 2888 7 


berge Ames af 


being directly as 
theit diſtances from the abovementioned 


ent parts ofthe Earth 


common center of gravity, ronnd which 
both the Earth and Moon move, theſe 
forces may be expreſſed by 2000 fot 
the ſide of the Earth neareſt the Moon, 
by GO for the Earth's center, and by 
looco for the ſide of the . eh 
is fartheſt from the Mou. 


But the Moon's attraction 1 greateſt 


on the ſide of the Earth next her, 


where the centrifugal force or tendency 


2 - off from the common center of 


ty (and conſequently, from the 
door) in leaſt; ; and therefore, the tides 
muſt riſe on the ſide of the Earth which 
is neareſt the Moon, by the excels of 
the _ s attraction.” 


her attraction W * 4 


— force at the Earth's center, tis 
plain that the centrifugal: force of the 


parts of che Eartli which: in revolving 


Gide of * Earth which is fartheſt from 
Ki” R r 2 > the 


by 58 J 

the Moon id — 
and therefore, the tides Will riſd as ugh 
upon that fide from the Moon oby the 
exceſs of the - centrifugal fore as ey 
- riſe on the fide next her byithe exceſs/oÞ 
her attraction. And as the Barth is 
in conſtant motion on its axis, ſo as that 
any given meridian | revolves from the 
Moon to the Moon again in 24 hours, 
50% minutes, each place will come to 
the two eminences of water, under and 
oppoſite to the Moon, in 24 hours, 50; 
minutes, or have two tides af flodd: and 
two of ebb in that time. For as much 
as the waters riſe above the! common 
level of the ſurface of the ſea, under 
and oppoſite to the Moon, ſo much 
they muſt fall below that livel' half way 
between the higheſt g at = 
_—_ from them. 

On theſe principles, it is equally a 
to account for the riſing of the tides, 
at the ſame time, on both ſides of the 
Earth: and this riſing is made evident 
to ſight in my Lecture on the central 
auer! ang the EP” on which it 
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depends are inalle: obvious to > the under- 


Rancings of of all the hm (n— ads 


we N N W * ö A 


Our prifin, ife 18 e. Mert ries of numbers Fd 
Mb Par tn ſquares « and. Greles, INE 


945 rt: 441 8 * 175 fx: 152 W 75 74 EE. +16 £4 N 
| | Ops Yd = 
or I have ſeen ſeveral Pg 2 uf 


(what is g generally called)-magic ſquat . 
but Have lately got a magic 1q ſquare of 


© extraordinary” kind, from Dr. 
BxNWIAIN FüANx RTI of- Philadelphia, 
with his leave to publiſh them. The 
magi = ſquare ges far beyond any thing 
of che kind I ever ſaw before; andthe 
| magic circle (which is the firſt oft the 
kim Lever heard of, or pecbaps any one 
Þelides) 1s RP more ſurprifing, © What 
the Doctor's rules are, for diſpoſing of 
the different numbers ſo, as that they 


ſhall have the following properties, I 


know nothing of: and x perhaps the rea- 


ſon may be, that 1 have not venture 
to aſk him; although I never faw* ; 

more communicative man in my 1 
The plates of * are at the end of 

the book; 1 Prarz 


ſquares and a magic circle of circles BB 
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wy dale e 5143 0? Paare, _ 975 hn 
| 624 J VT 


| 4 6) 10. > 
4 magic 5 Son ft abc 


Ale g great. Aare is 18. divided in vs 250. 
ſmall ſquares, in which all the numbers 
from 1 to 256 are, placed, in 116 
columns, which may her taken; either 


horizontally or, vertically.,; The proper+ ] 


ties are as follows, s. „ ppt 


. The ſum of the 1 cen, numbers 
in each column, vertical and hotiepnta, 
as" 2056.. 212 Fe: SET 4 Dees A ne 
2125 Every, half column, vertical and 
horigontal, makes 1928, or half of 
2056, if 03:21: oid e alot. giga 
»n:3ec; Half a diagonal (aſcending, 1 e 
to half à diago gonal.. deſcending; m 
120505 — 106 theſe half — 
from- the ends of any fide of the ſquare 
to the middle. thereof; and ſo, reckon- 
ing them either u owarg, or downwardi; 
tor, fidewiſe, from Ie 0 right hands or 
from right to leſt. dt | 

4. The fame e hs. — 
for the half Hagen as ne as can be 


eri | | drawn 


(821) 


' 10 the great ſquate; for any tw 
1 them being ee *u | 19 70 
. from where t ey begin 1 
re. they end, their ſums £7 — 10 
205 55805 The fame downward and up- 
5 from where they begin to where 
they end; or all the ſame if taken ſide- 
wiſe to the mid. ep and back to the fame 
fide amino NS 
M. B. One ſet of . helf dis n+ 
and their parallels, is drawn inthe 
0G upward : and. downward. Ano- 
_ ther ſuch, ſet may be drawn from any 
of the other three ſides. „ 
5. The four corner numbers in che 
eren ſquare added to the four central 
umbers therein, make;1028; equal to 
te half ſum of any Nase or horizon- 
tal column, which contains 16 numbers; 


and ehe to il a Siagonpl: or its * 
6. "Waſp uare hole 1 in i * 
to four of qo e little (quares) ) be cut in a 
paper, through which any of the ſixteen 
little ſquares in the great ſquare, may 
be : loans and the paper be 10 on the 
Sent 


0 - 
- 1 
* 
* 

\ 5 _ 
1 * * 4 
— 2 AI 

— A + —— OE a 
0 * * = 5 - | | \ 1 
| N F K * N *. 2 4; 
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ar "ſquare; the thi im df all the 16 
Hubers, ſeen through the hole, is equal 5 
to the ſum of - the ſixteen numbers in 

any horizontal or vertical colu mn, vis. 
to 2435 G 825 f 92 


; | LO bi ogy 
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45 magic cree f cre. A *. . 


dürft circle is cup of a bre of 
numbers, from 12 to 75 incluſive, di- 
vided into eight concentric | circular 
ſpaces, and ranged in eight radii of 
| numbers, with the number 12 in the 
center; . which number; like the center, 
is common to all theſe circular ſ ſpaces, 
and to all the radii, © 

The numbers are ſo placed, that "y 
Ein of all thoſe in either of the con- 
centric circular ſpaces, above-mentioned, 
together with the central number 12, 
make. 360; equal to the nu mber of 
de grees in a circle. 8 

The numbers in each oY allo, to- 
P with the central number 12, 
— juſt 360. The 


(og 


The numbers in half of any of the | 
above circular ſpaces, taken either above 
or below the double horizontal line, 
with half the central number 1 2, make 
180; equal to the number of degrees 
in a ſemi- circle. 

If any four adjoining number 
taken, as if in a ſquare, in the radial 
diviſions of theſe circular ſpaces; the 
ſum of theſe, with half the central num 
bei ale 8. 
bh There are, moreover, incl four . 
ſets of other circular ſpaces, bounded by 
circles which are excentric with reſpect 
to the common center; each of theſe 
ſets containing five ſpaces. The centers 
of the circles which bound them are 
at A, B, C, and D. The ſet whoſe 
center is at A is bounded by dotted 
lines; the ſet whoſe center is at C is 
bound by lines of ſhort unconnected 
ſtrokes; and the ſet round D is bounded 
by lines of unconnected longer ſtrokes, 
to diſtinguiſh them from one another. 
In drawing this figure by hand, the ſet 

of concentric circles ſhould be drawn 


81 — _— 


f * 
hes _ z 


[34] 


with -black wats and the four different 
ſets of PA circles with four kinds. 
of ink of different colours; as blue, red, 
yellow, and green, for. diſtinguiſhing 
them readily from one another. 
Theſe ſets of excentric circular ſpaces 
interſect thoſe of the concentric, and 
each other: and yet, the numbers con- 
tained in each py the excentric ſpaces, 
taken all around through any of the 20, 
which are excentric, make the ſame 
ſum as thoſe in the concentric; namely 
360, when the central number 12 is 
added. Their halves alſo, taken above 
or below the double horizontal line, with 
half the central number, make 180. 
Obſerve, that there is not one of the 
numbers but what belongs at leaſt to 
two of the circular ſpaces; ſome to 
three, ſome to four, ſome to five: and 
yet they are all ſo placed, as never to 
break the required number 360, in any 
of the 28 circular ſpaces within the pri- 
mitive circle. _ 1 
Jo bring theſe matters in view, I 
have taken out all the numbers as 


„ | N above- 
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ebooks mentioned: and have placed them 
in ſeparate columns, as | they. ſtand 
around both the concentric and excen- 
tric circular ſpaces, always beginning 
with the outermoſt, and ending with 
the innermoſt of each fet; ; and alſo the 
numbers as they tand 1 this eight 
radii, from the cir: mference to * 
center: the common central number 
12 being ae bake er in Sach 


. 


e 0 * . 
he: 181 ' & 1 r | ; 8 b 8. 
N | ththe ahr der bi: Stele f ſpaces. 
1 
I 241. 234. 21 67 124 
| 9) 25] 8]: 31 31-61 5 
39]. 501: 391 494; 37 1-52 | 28F 
401 1 + 251 . | 44 ; 
| 6: | 4| 7] 5 2 15], of 
1 | 221 20 | 51 | 
| 115 | 1 12 * "1 -124. 12 
360 | 360 FFF * 


. In'the eight radii. 
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If now, we take any four 14 72 

numbers, as in a ſquare form, 25 =” 

either from N?. 1. Ne. 2. (fas 6 

ws ſuppoſe from No. 1.) as in the” 
margin; and add half the cen- . 
tral number 12 to them, the | | 
ſum will be 180; equal to 
half the numbers in any circu 
lar { pace, taken above or r ico 
low the double horizontal F 
line: and equal to the number 
of degrees in a ſemicircle. 55 

Thus, 14, 72, 255 63, and 6, 5 

make 150. IT „en e940 Cer" _ ct 
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A Eil. of the. Apparatus om which Mr. 
+ Ferguſon reads bis Gour/e of twelve 
7 16a on Mechanics, Hyaroftatics, 
Hydrawtics, EAN wig a 
Afronomy.. tl 


\ 


The LEG: 4 5 Tay nac 


read on the genre to 1 r 
are a FEE 21008 nalen J 
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{ale Ahokines * F ee 
the powers of the lever, the wheel and 
| kg the pullies, the inclined plane, the 
wedge, and the ſcrew. | 
A compound engine in which all 
theſe ſimple machines work together, 5 

A working model of the great crane 
at Briſtol, which is reckoned to be the 
beſt crane in Europe. 

A working model of a crane that 
has four different powers, to be adapted 
to the different weights intended to be 
raiſed: invented by Mr, Ferguſom. 


A py- 


Fan 


A pyrometer that makes the Ser- 
ſion of metals by heat viſible to the 90 
thouſandth part of an inch; ſo as to 
be ſeen by che bare eye at two feet di- 
ſtance from the machine. 


* 
2 
F ” 
% 1 1 : 
mw A 
„ 


Ha pe 


"D Simple machines for ſhewing the 
center of gravity of bodies, and how far 


a tower may incline without danger « of 


falling. 


A double cone that ſeemingly rolls 


up-hill of itſelf, whilſt it is actually de- 
ſcending. 


A machine made in the figure of a 
human creature, that tumbles backward, 
by continually overſetting the center of 
gravity. 
Models of wheel carriages is pe wh 
broad wheels, others with narrow; 
ſome with large. wheels, and others with 


ſmall: for proving rern l which 
ſort is the beſt. hd 


A machine for ſhewing what degree 
of power is ſufficient to draw a loaded 


cart. 


1 320 * 
cart or waggon up-hill; Wh the 


quantity of weight to be drawn up, and 


tlic angle of the hill's height, are known. 
A machine for diminiſhing friction; 


: 1 ſhewing that the friction is not in 


proportion to the quantity of the ſurface 


that either rubs or rolls; but in pro- 


portion to the weight with which. the 
machine is loaded. 


A model of a moſt curious Scat: | 
r by Mr. Verrier near N, rington 


in Samer ſetſhire. 


A large working model of a Water- | 


| mil for ſawing timber. 0 


A model of a Hand- mill for grinding 


A model if a Water-mill, for win- 


Pering and grinding corn, drawing wp. 


| | the facks, and boulting the flour. 


A model of Dr. Barker's Water-mill 
(for grinding corn) in which Mill there : 


| bs neither wheel nor trundle. 


A machine for demonſtrating that - 


the . of the wind, on _ windmill 


fails, 5 
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equally i in all manner of directions. 


A model of the kanne 5 which * 


: Piles were driven, for a foundation to . 
| - | One? ho e AE N 1 5 
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A machine for ſhewing that fluids © 
gh as much in their own rſs _ 
as they do in air. : 


. 122 2 12 
1 2 * 
. y * 


= ale, 1 is as A cure of the, . 6 of | 
| the wind. r 


A machine Gow. Gains thats: on. 


| equal bottoms, the: preſſure of fluids is 
in proportion to their perpendicular 1 
heights; let their 93 be ever lo E 
great or ever ſo ſmall. © 


Machines for ſbewing that Aut % 


9 
8 £ 5 
» * 


A machine for ſhewing how an ounce. 


of water in a tube may be made to raiſe 


and ſupport. ſixteen pound n, of 


lead. 


wb 3 fo ee Bl FEY at equal 
beig ghts, the ſmalleſt quantity of water 


8 i 4 3 > <A 

Eh n 1 is — 4 
8 „ — N 150 
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whatever will balance the 1 . 8 4 
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city whatever, if the ating Join at 
bottom. 

A machine for ſhewing how: folid 
lead may be made to ſwim in water, and 
the lighteſt wood to fink in water, 
Machines for ſhewing and demonſtra- 
ting the hydroſtatical paradox. 

A machine for demonſtrating that 
the weight of the quantity of water 
diſplaced by a ſhip is equal to the whole 
weight of the ſhip and cargo. 

Machines for ſhewing the working of 
ſyphoms, and the Tantalus's cup. 
A large machine for ſhewing the 
cauſe * explaining the phenomena of 
ebbing and flowing wells, and of inter- 
* and ng "_— 


IV. 


Machines for ſhewing that when 
ſolid bodies are immerſed and ſuſpended 
in fluids, the ſolid loſes as much of its 
weight as its bulk of the fluid weighs; 


and that the weight loſt by the ſolid is 
imparted to the fluid. 


A hy- 


A hy droſtatic e for ſhewing 
the ſpecific gravities of bodies, and de- 
tecting counterfeit gold or ſilver. 


A working model. of "Arebimedes's 
fpiral pump: n "Si 
Glaſs models fo Ne ab rie ee 8 
and operations of ſucking, betking and 
lifting pumps. 
A working model of an engine ber 
extinguiſhing fire. 
17A Wende ode of a quadruple 
Pump- mill Be raiſing water by means 
of water turning a Wheel. : 
A working model of the Perf 
wheel for raiſing water. 
A model of Ny great hydraulic engine 
under Londbm bride, that goes by the 
| tides, and raiſes water by OR pumps. 


v. and VE, 


An Air-pum p, with a 5 appara- 

tus to it, for experiments en oe 
Fe: pl and ſpring of the air. 
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A large armillac 1 pe 38 
the apparent motions of the Sun and 
Moon, with the times of their riſing and 
Beuge in all latitudes, and on all the 
ays of the year. 
A wooden model of; an Accel 
clock, ſhewing the apparent motions and 
times of riſing and ſetting of the Sun, 
Moon, .and Stars, with the; age and 
phaſes of the Moon, at all times. 
Another model of a clock; for ſhew⸗ ; 
ing the apparent motions of the Sun and 
ſtars, with the times of their riſing and 
10 75 and the ee of natd 
1 
15 A fimple W by . all the | 
185 of dialing are made evident 
to ſight. 
| Pardie s univerſal dial, FR Cabin a 
| PRA > line, and: ſhewing the true ſolar 
time of the da. | 
Three dials of different wade ined 
eben on all of which, the - of 


the 


[og] 
the day is ſhewn by: the ſhadow of one 


lle. 


pt — inſtrument, ſhewing the time 
of the day in all 2 all tbe 
places 8 the Earth where it is day, and 
where it is night, at any time when the 
Sun. ſhines / on the dial; and all the 
places of the Earth to which the Sun is 
js and to. which it ee at that 


time. aer 
An 8 dial in the form "of a 
plain croſs. 13 8 


Wo 5 0 Coding the tru 

diſtances of all the AS and At- 
ternoon hours from XII, on horizontal 
and vertical dials, * all latitudes. 
And alſo for finding the hour of the 
day, and the variation of the compaſs, 
at any place; together with the Sun's 
e declination, azimuth, amplitude, and 


time of riſing and enen in n n 
ate e 
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A collection of nine dials;: alli in one | - 
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A wiclting table; for explaining . 
eee the laws by which the 
planets move, and are retained in their 
orbits: that the Sun and all the planets 
move round their common center of 
gravity: chat the Earth and Moon move 
round their common center of gravity 
once every month: that the Earth 
moves round the Sun, in common with 
the reſt of the planets, and turns round 
its own axis: that the power of gravity 
diminiſhes in proportion as the ſquare 
of the diſtance from the attracting body 
increaſes: that a double velocity in any 
orbit would require a quadruple power 
of gravity to retain the body in that 
orbit: that the ſquares of the periodi- 
cal times in which the planets move 
round the Sun are in proportion to the 
eubes of their diſtances from the Sun. 
A plain experimental demonſtration of 
the doctrine of the tides; and the cauſe 
1 of their riſing equally high, at the ſame 
ce, on oppoſite ſides of the Earth. 


IX, 


L227 l 


m, x, xl, and xl. 


d . 
34 


A machine for being the motions 
of the comets. 


An Ozzzxv, ſhewing the real maptions 
of the planets round x! Sun; the ap- 
parent ſtations, direct and retrograde 


motions of Mercury and Venus, as ſeen N 


from the Earth: the different lengths 
of days and nights, and all the viciſh- 
tudes of ſeaſons, ariſing from the di- 
urnal and annual motions of the Earth: 
the motions and various phaſes of the 
Moon: the Harveſt- moon: the tides: 
the cauſes, times and returns of all 
the eclipſes of the Sun and Moon: the 
eclipſes of Jupiter's ſatellites, and the 


phenomena of Saturn's ring. 


In London, any number of perſons, 
not leſs than twenty, who will ſubſcribe 
one Guinea each, may have a courſe 
of twelve Lectures read on the above- 
mentioned Apparatus, provided they 
agree to have at leaſt three Lectures a 


week; 


1 

5 

' of 
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"A 8 table, for explaining and 
e the laws by which the 
planets move, and are retained in their 


erdits: that the Sun and all the planets 
move round their common center of 


gravity: that the Earth and Moon move 


Found their common center of gravity 
once every month: that the Earth 


moves round the Sun, in common with 
the reſt of the planets, and turns round 
its own axis: that the power of gravity 
diminiſhes in proportion as the ſquare 


of the diſtance from the attracting body i 
increaſes; that a double velocity in any 


orbit would require a quadruple power 
of gravity to retain the body in that 
orbit: that the ſquares of the periodi- 
cal times in which the planets move 
round the Sun are in proportion to the 


eubes of their diſtances from the Sun. 


A plain experimental demonſtration of 


the doctrine of the tides; and the cauſe 


of their riſing equally high, at the ſame 
time, on oppoſite ſides of the Earth. 


IX, 


EET 


{ 2807 1] 
4 IX, X, xl, and XII, 5 


18 


A machine for ſhewing che motions 
of the comets.  _ + 

An Ozzy, ſhewing the real 'motipng 
4 the planets round the Sun; the 55 
parent ſtations, direct and retr 
motions of Mercury and Venus, as 28 
from the Earth: the different lengths 
of days and nights, and all the vieiſſi- 
tudes of ſeaſons, ariſing from the di- 
urnal and annual motions of the Earth: _ 
the motions and various phaſes « of the 
Moon: the Harveſt-moon : the tides : 
the cauſes, times and returns of all 
the eclipſes of the Sun and Moon: the 
eclipſes gr N s ſatellites, and the 


Phenomena of Saturn's ring. 


In London, any ner of perſons, 
not leſs than twenty, who will lbſeribe 
one Guinea each, may have a courſe 
of twelve Lectures read on the above- 
mentioned Apparatus, provided the 
agree to have at leaſt three Lectures a i 

week; 


I 


4 


week; in which they may.appoint the 
days 8 hours that are moſt conveni- 
| ent for themſelves. 
"Within ten miles of London, any 
number, not leſs than thirty, may have 
' a courſe; each ſubſcriber paying one 
Guinea. And, 
Within an hundred miles of Laan, 
any number of ſubſcribers, not leſs than 
 Lixty, may have a N rle ; each paying i 
as aboye. 
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